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PREFACE    TO   THE    SECOND    EDITION. 


So  short  a  time  has  passed  since  the  appearance  of  the 
first  edition  that  it  has  not  seemed  desirable  to  make 
any  important  changes.  My  previous  decision  not  to 
introduce  figures  of  instruments  has  been  so  generally 
disapprovedi  that  I  have  waived  my  own  judgment  and 
inserted  a  number  of  illustrations,  which  I  trust  will  be 
found  to  assist  the  reader.  The  areas  of  the  cerebral 
convolutions^  in  spite  of  the  difiiculties  surrounding  the 
true  interpretation  of  the  phenomena  resulting  from  their 
stimulation^  are  of  such  interest,  especially  to  the  medical 
profession,  that  I  have  introduced  illustrative  figures  for 
which  I  have  to  thank  the  kindness  of  Dr  Fender. 

Otherwise  my  eflbrts  have  been  chiefly  directed  to 
removing  inaccuracies  and  obscurities,  in  the  hope  of  ren- 
dering the  work  more  worthy  of  the  favour  with  which 
it  has  been  received.  It  wiU  be  observed  that  the 
largest  changes  and  additions  occur  in  the  small  print. 

F.P.  |l()Ou»i  b 


vi  PREFACE. 


I   have  to    thank   Dr  Pye-Smith  and   other   friends 

as  well  as   previously    unknown  correspondents  for  their 

valuable    suggestions;     and     I    am/  as    before,    greatly 

•  indebted  for  the   help   given   me   by   my  former  pupils, 

Mr  Dew-Smith,  Mr  Langley,  and  Mr  Lea. 


TBimTT  College,  CAHBRn>GE, 
December^  1877. 
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INTRODUCTORY. 


Among  the  simpler  organisms  known  to  Biologists,  perhaps  the  most 
simple  as  well  as  the  most  common  is  that  which  has  received  the 
name  of  Amoeba.  There  are  many  varieties  of  Amoeba,  and  probably 
many  of  the  forms  which  have  been  described  are,  in  reality,  merely 
amoebiform  phases  in  the  lives  of  certain  animals  or  plants ;  but  they 
all  possess  the  same  general  characters.  Closely  resembling  the 
white  corpuscles  of  vertebrate  blood,  they  are  wholly  or  almost  wholly 
composed  of  undifferentiated  protoplasm,  in  the  midst  of  which  lies 
a  nucleus,  though  this  is  sometimes  absent.  In  many  a  distinction 
may  be  observed  between  a  more  solid  external  layer  or  ectosarc,  and 
a  more  fluid  granular  interior  or  endosarc;  but  in  others  even  this 
primary  differentiation  is  wanting.  By  means  of  a  continually  occur- 
ring flux  of  its  protoplasmic  substance,  the  amoeba  is  enabled  from 
moment  to  moment  not  only  to  change  its  form  but  also  to  shift  its 
position.  By  flowing  rouQd  the  substances  which  it  meets,  it,  in  a 
way,  swallows  them;  and  having  digested  and  absorbed  such  parts 
as  are  suitable  for  food,  ejects  or  rather  flows  away  from  the  use- 
less remnants'.  It  thus  lives,  moves,  eats,  grows,  and  after  a  time 
dies,  having  been  during  its  whole  life  hardly  anything  more  than 
a  minute  lump  of  protoplasm.  Hence  to  the  Physiologist  it  is  of 
the  greatest  interest,  since  in  its  life  the  problems  of  physiology  are 
reduced  to  their  simplest  forms. 

Now  the  study  oi  an  amoeba,  with  the  help  of  knowledge  gained 
by  the  examination  of  more  complex  bodies,  enables  us  to  state  that 
the  undifferentiated  protoplasm  of  which  its  body  is  so  largely  com- 
posed possesses  certain  fundamental  vital  properties. 

1.  It  is  contractile.  There  can  be  little  doubt  that  the  changes 
in  the  protoplasm  of  an  amoeba  which  bring  about  its  peculiar  'amoe- 
boid' movements,  are  identical  in  their  fundamental  nature  with 
those  which  occurring  in  a  muscle  cause  a  contraction ;  a  muscular 
contraction  is  essentially  a  regular,  an  amoeboid  movement  an  irre- 
gular flow  of  protoplasm.  The  body  of  the  amoeba  may  therefore  be 
said  to  be  contractile. 

^  Huxley  and  Martin,  Elementary  Biology,  Lesson  in. 
F.  P.  1 


2  PROPERTIES  OF  PROTOPLASM. 

2.  It  is  irritable  and  automatic.  When  any  disturbance,  such 
as  contact  with  a  foreign  body,  is  brought  to  bear  on  the  amoeba  at 
rest,  movements  result.  These  are  not  passive  movements,  the  effects 
of  the  push  or  pull  of  the  disturbing  body  and  therefore  proportionate 
to  the  force  employed  to  cause  them,  but  active  manifestations  of  the 
contractility  of  the  protoplasm;  that  is  to  say,  the  disturbing  cause, 
or  'stimulus,'  sets  free  a  certain  amount  of  energy  previously  latent 
in  the  protoplasm,  and  the  energy  set  free  takes  on  the  form  of 
movement  Any  living  matter  which,  when  acted  on  by  a  stimulus, 
thus  suffers  an  explosion  of  energy,  is  said  to  be  'irritable/  The 
irritability  may,  as  in  the  amoeba,  lead  to  movement ;  but  in  some 
cases  no  movement  follows  the  application  of  the  stimulus  to  irritable 
matter,  the  energy  set  free  by  the  explosion  taking  on  some  other 
form  (heat,  &c.)  than  movement.  Thus  a  substance  may  be  irritable 
and  yet  not  contractile,  though  contractility  is  the  most  common 
manifestation  of  irritability. 

The  amoeba  (except  in  its  prolonged  quiescent  stage)  is  rarely  at 
rest.  It  is  almost  continually  in  motion*  The  movements  cannot 
always  be  referred  to  changes  in  surrounding  circumstances  acting  as 
stimuli;  in  many  cases  the  energy  is  set  free  in  consequence  of 
internal  changes,  and  the  movements  which  result  are  called  spon- 
taneous or  automatic^  movements.  We  may  therefore  speak  of  the 
protoplasm  of  the  amoeba  as  being  irritable  and  automatic. 

3.  It  is  reoqitive  and  asaimilative.  Certain  substances  serving 
as  food  are  received  into  the  body  of  the  amoeba,  and  being  there  in 
large  measure  dissolved,  become  part  and  parcel  of  the  body  of  the 
amoeba,  become  in  fsjct  fresh  protoplasm. 

4.  It  is  metabolic'  and  secretory.  Pari  passu  with  the  recep- 
tion of  new  material,  there  is  going  on  an  ejection  of  old  material, 
for  the  increase  of  the  amoeba  by  the  addition  of  food  is  not  indefinite. 
In  other  w^ords,  the  protoplasm  is  continually  undergoing  chemical 
change  (metabolism),  room  being  made  for  the  new  protoplasm  by  the 
breaking  up  of  the  old  protoplasm  into  products  which  are  cast  out 
of  the  b^y  and  got  rid  of.  These  products  of  metabolic  action  have 
in  all  probability  subsidiary  uses.  Some  of  them,  for  instance,  we 
have  reason  to  think  are  of  value  for  the  purpose  of  dissolving  and 
effecting  other  preliminary  changes  in  the  raw  food  mechanically 
introduced  into  the  body  of  the  amoeba;  and  hence  are  retained 
within  the  protoplasm  for  some  little  time.  Such  products  are  gene- 
rally spoken  of  as  ^secretions.'     Others  which  pass  more  rapidly  away 

1  This  vtwd  bAS  reeenUj  ftcqnired  a  me«iuiig  almosi  exactlr  oppodte  to  that  irludi 
it  originaUj  boiY,  uhl  an  antonuUie  action  is  now  bj  many  nn<^i«tood  to  mean  DoUiing 
nK»«  tkan  an  action  piodnecd  bj  some  machineiT  or  other.  InthisworiLloaeitintlM 
older  sense,  as  denoting  an  action  of  a  bodr,  the  canses  of  which  appear  to  lie  in  tha 
body  itaelL  It  seems  prelerahle  to  *qpkontaneoQs,'  inasmnch  as  it  does  not  neot&unfj 
caziT  with  it  the  idea  of  ixregnlantr,  and  bears  no  reference  to  a  *  wiU.* 

*  ThiM  term  ^ras  intiodaoed  bj  Sdiwann  (1899).    Mierm.  VmUmch.  p.  239L 
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are  generally  called  'excretions/  The  distinction  between  the  two  is 
ao  unimportant  and  frequently  accidental  one.  The  energy  expended 
in  the  movements  of  the  amoeba  is  supplied  by  the  chemical  changes 
going  on  in  the  protoplasm,  by  the  breaking  up  of  bodies  possessing 
much  latent  energy  into  bodies  possessing  less.  Thus  the  metabolic 
changes  which  the  food  undergoes  in  passing  through  the  protoplasm 
of  the  amoeba  (as  distinguished  from  the  undigested  stuff  mechani- 
cally lodged  for  a  while  in  the  body)  are  of  three  classes:  those  pre- 
paratory to  and  culminating  in  the  conversion  of  the  food  into 
protoplasm,  those  concerned  in  the  discharge  of  energy,  and  those 
tending  to  economise  the  immediate  products  of  the  second  class  of 
changes  by  rendering  them  more  or  less  useful  for  the  first. 

5.  It  is  respiratory.  Taken  as  a  whole,  the  metabolic  changes 
are  pre-eminently  processes  of  oxidation.  One  article  of  food,  i.e,  one 
substance  taken  into  the  body,  viz.  oxygen,  stands  apart  from  all 
the  rest,  and  one  product  of  metabolism  peculiarly  associated  with 
oxidation,  viz.  carbonic  acid,  stands  also  somewhat  apart  from  all  the 
rest  Hence  the  assumption  of  oxygen  and  the  excretion  of  carbonic 
add,  together  with  such  of  the  metabolic  processes  as  are  more 
especially  oxidative,  are  frequently  spoken  of  together  as  constituting 
the  respiratory  processes. 

6.  It  is  reproductive.  The  individual  amoeba  represents  a  unit. 
This  unit,  after  a  longer  or  shorter  life,  having  increased  in  size  by 
the  addition  of  new  protoplasm  in  excess  of  that  which  it  is  con- 
tinually using  up,  may,  by  fission  (or  by  other  means)  resolve  itself 
into  two  (or  more)  parts,  each  of  which  is  capable  of  living  as  a  fresh 
unit  or  individual. 

Such  are  the  fundamental  vital  qualities  of  the  protoplasm  of  an 
amoeba;  all  the  facts  of  the  life  of  an  amoeba  are  manifestations  of 
these  protoplasmic  qualities  in  varied  sequence  and  subordination. 

The  higher  animals,  we  learn  from  morphological  studies,  may  be 
regarded  as  groups  of  amoebse  peculiarly  associated  together.  All  the 
physiological  phenomena  of  the  higher  animals  arc  similarly  the 
results  of  these  fundamental  qualities  of  protoplasm  peculiarly  asso- 
ciated together.  The  dominant  principle  of  this  association  is  the 
physiological  division  of  labour  corresponding  to  the  morphological 
differentiation  of  structure.  Were  a  larger  or  *higher'  animal  to 
consist  simply  of  a  colony  of  undifferentiated  amcijbie,  one  animal 
differing  from  another  merely  in  the  number  of  units  making  up  the 
mass  of  its  body,  without  any  differences  between  the  individual 
units,  progress  of  function  would  be  an  impossibility.  The  accumu- 
lation of  units  would  be  a  hindrance  to  welfare  rather  than  a  help. 
Hence,  in  the  evolution  of  living  beings  through  past  times,  it  has 
come  about  that  in  the  higher  animals  (and  plants)  certain  groups  of 
the  constituent  amoebiform  units  or  cells  have,  in  company  with  a 
change  in  structure,  been  set  apart  for  the  manifestation  of  cet\.a\\\ 
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only  of  the  fundamental  properties  of  protoplasm,  to  the  exclusion  or 
at  least  to  the  complete  subordination  of  the  other  properties. 

These  groups  of  cells,  thus  distinguished  from  each  other  at  once 
by  the  differentiation  of  structure  and  by  the  more  or  less  marked 
exclusiveness  of  function,  receive  the  name  of  'tissues/  Thus  the 
units  of  one  class  are  characterized  by  the  exaltation  of  the  con- 
tractility of  their  protoplasm,  their  automatism,  metabolism  and 
reproduction  being  kept  in  marked  abeyance.  These  units  con- 
stitute the  so-called  muscular  tissue.  Of  another  tissue,  viz.  the 
nervous,  the  marked  features  are  irritability  and  automatism,  with 
an  almost  complete  absence  of  contractility  and  a  great  restriction 
of  the  other  qualities.  In  a  third  group  of  units,  the  activity  of  the 
protoplasm  is  largely  confined  to  the  chemical  changes  of  secretion, 
contractility  and  automatism  (as  manifested  by  movement)  being 
either  absent  or  existing  to  a  very  slight  degree.  Such  a  secreting 
tissue,  consisting  of  epithelium-cells,  forms  the  basis  of  the  mucous 
membrane  of  the  alimentary  canal.  In  the  kidney,  the  substances 
secreted  by  the  cells  being  of  no  further  use,  are  at  once  ejected  from" 
the  body.  Hence  the  renal  tissue  may  be  spoken  of  as  excretory.  In 
the  epithelium-cells  of  the  lungs,  the  protoplasm  plays  an  altogether 
subordinate  part  in  the  assumption  of  oxygen  and  the  excretion  of 
carbonic  acid.  Still  we  may  perhaps  be  permitted  to  speak  of  the 
pulmonary  epithelium  as  a  respiratory  tissue. 

In  addition  to  these  distinctly  secretory  or  excretory  tissues, 
there  exist  groups  of  cells  specially  reserved  for  the  carrying  on  of 
chemical  changes,  the  products  of  which  are  neither  cast  out  of  the 
body,  nor  collected  in  cavities  for  digestive  or  other  uses.  The  work 
of  these  cells  seems  to  be  of  an  intermediate  character;  they  are  en- 
gaged either  in  elaborating  the  material  of  food  that  it  may  be  the 
more  easily  assimilated,  or  in  preparing  used  up  material  for  final 
excretion.  They  receive  their  material  from  the  blood  and  return 
their  products  back  to  the  blood.  They  may  be  called  the  metabo- 
lic tissues  par  excellence.  Such  are  the  fat-cells  of  adipose  tissue, 
the  hepatic  cells  (as  far  as  the  work  of  the  liver  other  than  the  secre- 
tion of  bile  is  concerned),  and  in  general  the  blood. 

Each  of  the  various  units  retains  to  a  greater  or  less  degree  the 
power  of  reproducing  itself,  and  the  tissues  generally  are  capable  of 
regeneration  in  kind.  But  neither  units  nor  tissues  can  reproduce 
other  parts  of  the  organism  than  themselves,  much  less  the  entire 
organism.  For  the  reproduction  of  the  complex  individual,  certain  units 
are  set  apart  in  the  form  of  ovary  and  testis.  In  these  all  the  pro- 
perties of  protoplasm  are  distinctly  subordinated  to  the  work  of  grovrth. 

Lastly,  there  are  certain  mx>ups  of  units,  certain  tissues,  which 
are  of  use  to  the  body  of  which  they  form  a  part,  not  by  reason  of 
their  manifesting  any  of  the  fundamental  qualities  of  protoplasm, 
but  on  account  of  the  physical  and  mechanical  properties  of  certain 
substances  which  their  protoplasm  has  been  able  by  virtue  of  its 
metabolism  to  manufacture  and  to  deposit    Such  tissues  are  bone. 
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cartilage,  connective  tissue  in  large  part,  and  the  greater  portion  of 
the  skin. 

We  may  therefore  consider  the  complex  body  of  a  higher 
animal  as  a  compound  of  so  many  tissues,  each  tissue  correspond- 
ing to  one  of  the  fundamental  qualities  of  protoplasm,  to  the  develop- 
ment of  which  it  is  specially  devoted  by  the  division  of  labour.  It 
must  however  be  remembered  that  there  is  a  distinct  limit  to  the 
division  of  labour.  In  each  and  every  tissue,  in  addition  to  its 
leading  quality,  there  are  more  or  less  pronounced  remnants  of  all 
the  other  protoplasmic  qualities.  Thus,  though  we  may  call  one 
tissue  par  excellence  metabolic,  all  the  tissues  are  to  a  greater  or 
less  extent  metabolic.  The  energy  of  each,  whatever  be  its  particular 
mode,  has  its  source  in  the  breaking  up  of  the  protoplasm.  Chemical 
changes,  including  the  assumption  of  oxygen  and  the  production  com- 
plete or  partial  of  carbonic  acid  and  therefore  also  entailing  a  cer- 
tain amount  of  secretion  and  excretion,  must  take  place  in  each  and 
every  tissue.  And  so  with  all  the  other  fundamental  properties  of 
protoplasm;  even  contractility,  which  for  obvious  mechanical  reasons, 
18  soonest  reduced  where  not  wanted,  is  present  in  many  other 
tissues  besides  muscle.  And  it  need  hardly  be  said  that  each  tissue 
retains  the  power  of  assimilation.  However  thoroughly  the  material 
of  food  be  prepared  by  digestion  and  subsequent  metabolic  action, 
the  last  stages  of  its  conversion  into  living  protoplasm  are  effected 
directly  and  alone  by  the  tissue  of  which  it  is  about  to  form  a  part. 

Bearing  this  qualification  in  mind,  we  may  draw  up  a  physio- 
logical classification  of  the  body  into  the  following  fundamental 
tissues: — 

1.  The  eminently  contractile;  the  muscles. 

2.  „         „  irritable  and  automatic;  the  nervous  system. 

3.  „         „  secretory,  or  excretory;  digestive,  urinary,  and 

pulmonary  &c.,  epithelium. 

4.  „         „  metabolic;  fat-cells,  hepatic   cells,  lymphatic 

and  ductless  glands,  &c. 

5.  „         „  reproductive;  ovary,  testis. 

6.  The  indifferent  or  mechanical;  cartilage,  bone,  &c. 

All  these  separate  tissues,  with  their  individual  characters,  are 
however  but  parts  of  one  body;  and  in  order  that  they  may  be 
true  members  working  harmoniously  for  the  good  of  the  whole,  and 
not  isolated  masses  each  serving  its  own  ends  only,  they  need  to  be 
bound  together  by  co-ordinating  bonds.  Some  means  of  communica- 
tion must  necessarily  exist  between  jbhem.  In  the  mobile  homo- 
geneous body  of  the  amoeba,  no  special  means  of  communication 
are  required.  Simple  diffusion  is  sufiicient  to  make  the  material 
gained  by  one  part  common  to  the  whole  mass,  and  the  native 
protoplasm  is  physiologically  continuous,  so  that  an  explosion  set 
up  at  any  one  point    is  immediately  propagated  throughout  the 
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whole  irritable  substance.  In  the  higher  animals,  the  several  tissues 
are  separated  by  distances  far  too  great  for  the  slow  process  of 
diffusion  to  serve  as  a  sufficient  means  of  communication,  and  their 
primary  physiological  continuity  is  broken  by  their  being  imbedded 
in  masses  of  formed  material,  the  product  of  the  indifferent  tissues, 
which  being  devoid  of  irritability,  present  an  effectual  barrier  to  the 
propagation  of  molecular  explosions.  It  thus  becomes  necessary  that 
in  the  increasing  complexity  of  animal  forms,  the  process  of  differen- 
tiation should  be  accompanied  by  a  corresponding  integration,  that 
the  isolated  tissues  should  be  made  a  whole  by  bonds  uniting  them 
together.     These  bonds  moreover  must  be  of  two  kinds. 

In  the  first  place  there  must  be  a  ready  and  rapid  distribu- 
tion and  interchange  of  material.  The  contractile  tissues  must  be 
abundantly  supplied  with  material  best  adapted  by  previous  elabora- 
tion for  direct  assimilation,  and  the  waste  products  arising  from 
their  activity  must  be  at  once  carried  away  to  the  metabolic  or 
excretory  tissues.  And  so  with  all  the  other  tissues.  There  must 
be  a  free  and  speedy  intercourse  of  material  between  each  and  alL 
This  is  at  once  and  most  easily  effected  by  the  regular  circulation  of 
a  common  fluid,  the  blood,  into  which  all  the  elaborated  food  is 
discharged,  from  which  each  tissue  seeks  what  it  needs,  and  to 
which  each  returns  that  for  which  it  has  no  longer  any  use.  Such 
a  circulation  of  fluid,  being  in  large  measure  a  mechanical  matter, 
needs  a  machinery,  and  calls  forth  an  expenditure  of  energy.  The 
machinery  is  supplied  by  a  special  construction  of  the  primary 
tissues,  and  the  energy  is  arranged  for  by  the  presence  among  these 
of  contractile  and  irritable  matter.  Thus  to  the  fundamental  tissues 
there  is  added,  in  the  higher  animals,  a  vascular  bond  in  the  shape 
of  a  mechanism  of  circulation. 

In  the  second  place,  no  less  important  than  the  interchange  of 
material  is  the  interchange  of  energy.  In  the  amoeba  the  irritable 
surface  is  physiologically  continuous  with  the  more  internal  proto- 
plasm, while  each  and  every  part  of  the  body  has  automatic  powers. 
In  the  higher  animal,  portions  only  of  the  skin  remain  as  eminently 
irritable  or  sensitive  structures,  while  automatic  actions  are  chiefly 
confimed  to  a  central  mass  of  irritable  or  nervous  matter.  Both  forms 
of  irritable  matter  are  separated  by  long  tracts  of  indifferent  material 
from  those  contractile  tissues,  through  which  they  chiefly  manifest  the 
changes  going  on  in  themselves.  Hence  the  necessity  for  long  strands 
of  eminently  irritable  tissue  to  connect  the  skin  and  contractile  tissues 
as  well  with  each  other  as  with  the  automatic  centres.  Similar 
strands  are  also  needed,  though  perhaps  less  urgently,  to  connect  the 
other  tissues  with  these  and  with  each  other.  To  the  vascular  bond 
there  must  be  added  an  irritable  bond,  along  the  strands  of  which 
impulses,  set  up  by  changes  in  one  or  another  part,  may  travel  in 
determinate  courses  for  the  regulation  of  the  energy  of  distant 
spots.  In  other  words,  part  of  the  irritable  tissues  must  be  specially 
arranged  to  form  a  coordinating  nervous  system* 


INTRODUCTORY.  7 

Still  further  complications  have  yet  to  he  considered.  In  the  life 
of  a  minute  homogeneous  amoeha,  possessing  no  special  form  or  struc- 
ture, there  is  littie  scope  for  purely  mechanical  operations.  As  how- 
ever we  trace  out  the  gradual  development  of  the  more  complex 
animal  forms,  we  see  coming  forward  into  greater  and  greater  pro- 
minence the  arrangement  of  the  tissues  in  definite  ways  to  secure 
mechanical  ends.  Thus  the  entire  body  acquires  particular  shapes, 
and  parts  of  the  body  are  built  up  into  mechanisms,  the  actions 
of  which  are  to  the  advantage  of  the  individual.  Into  the  composi- 
tion of  these  mechanisms  or  '  organs '  the  active  fundamental  tissues, 
as  well  as  the  passive  or  indifferent  tissues,  enter;  and  the  working  of 
each  mechanism,  the  function  of  each  organ,  is  dependent  partly  on 
the  mechanical  conditions  offered  by  the  passive  elements,  partly  on 
the  activity  of  the  active  elements.  The  vascular  mechanism,  of 
which  we  have  just  spoken,  is  such  a  mechanism.  Similarly  the 
urgent  necessity  for  the  access  of  oxygen  to  all  parts  of  the  body, 
has  given  rise  to  a  complicated  respiratory  mechanism;  and  the 
needs  of  copious  alimentation,  to  an  alimentary  or  digestive  me- 
chanism. 

Further,  inasmuch  as  muscular  movement  is  one  of  the  chief 
ends,  or  the  most  important  means  to  the  chief  ends  of  animal  life, 
we  fi^d  the  animal  body  abounding  in  motor  mechanisms,  in  which 
the  prime  mover  is  muscular  contraction,  while  the  machinery  is  sup- 
plied by  complicated  arrangements  of  muscles  with  such  indifferent 
tissues  as  bone,  cartilage,  and  tendon.  In  fact,  the  greater  part  of 
the  animal  body  is  a  collection  of  muscular  machines,  some  serving 
for  locomotion,  others  for  special  manoeuvres  of  particular  members 
and  parts,  others  as  an  assistance  to  the  senses,  and  yet  others  for 
the  production  of  voice,  and  in  man,  of  speech. 

Lastiy,  the  simple  automatism  of  the  amoeba,  with  its  simple 
responses  to  external  stimuli,  is  replaced  in  the  higher  animals  by 
an  exceedingly  complex  volition  affected  in  multitudinous  ways  by 
influences  from  the  world  without;  and  there  is  a  correspondingly 
complex  central  nervous  system.  And  here  we  meet  with  a  new 
form  of  differentiation  unknown  elsewhere.  While  the  contractility 
of  the  amoebal  protoplasm  differs  at  the  most  but  slightly  from  the 
contractility  of  the  vertebrate  striated  muscle,  there  is  an  enormous 
difference  between  the  simple  irritability  of  the  amoeba  and  the  com- 
plex action  of  the  vertebrate  nervous  system.  Excepting  the  nervous 
or  irritable  tissues,  the  fundamental  tissues  have  in  all  animals 
exactly  the  same  properties,  being,  it  is  true,  more  acute  and  perfect 
in  one  than  in  another,  but  remaining  fundamentally  the  same. 
The  elementary  muscular  fibre  of  a  mammal  is  at  most  a  mass  of 
but  slightiy  differentiated  protoplasm,  forming  a  whole  physio- 
logically continuous,  and  in  no  way  constituting  a  mechanism. 
Each  fibre  is  a  counterpart  of  all  others ;  and  the  muscle  of  one 
animal  differs  from  that  of  another  in  such  particulars  only  as 
are  wholly  subordinate.      In  the  nervous  tissues   of   the    higher 
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animals,  on  the  contrary,  we  find  properties  unknown  to  those  of  the 
lower  ones,  and  in  proportion  as  we  ascend  the  scale,  we  observe  an 
increasing  difierentiation  of  the  nervous  system  into  unlike  parts. 
Thus  we  have,  what  does  not  exist  in  any  other  tissue,  a  mechanism 
of  nervous  tissue  itself,  a  central  nervous  mechanism  of  complex 
structure  and  complex  function,  the  complexity  of  which  is  due 
not  primarily  to  any  mechanical  arrangements  of  its  parts,  but  to 
the  further  differentiation  of  that  fundamental  quality  of  irritability 
and  spontaneity  which  belongs  to  all  irritable  tissues,  and  to  all 
native  protoplasm. 

In  the  following  pages  I  propose  to  consider  the  facts  of  physio- 
logy very  much  according  to  the  views  which  have  been  just  sketched 
out.  The  fundamental  properties  of  most  of  the  elementary  tissues 
will  first  be  reviewed,  and  then  the  various  special  mechanisms. 
It  will  be  found  convenietit  to  introduce  early  the  account  of  the 
vascular  mechanism,  and  of  its  nervous  coordinating  mechanism, 
while  the  mechanisms  of  respiration  and  alimentation  will  be  best 
considered  in  connection  with  the  respiratory  and  secretory  tissues. 
The  description  of  the  purely  motor  mechanisms  will  be  brief,  and, 
save  in  a  few  instances,  confined  to  a  statement  of  general  principles. 
The  special  functions  of  the  central  nervous  system,  including  the 
senses,  must  of  necessity  be  considered  by  themselves.  The  tissues 
and  mechanism  of  reproduction  naturally  form  the  subject  of  the 
closing  chapter. 
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Blood  is  a  tissue  of  which  the  corpuscles  are  the  essential  and 
active  elements,  while  the  plasma  is  a  liquid  matrix.     It  may  be 
compared  to  a  cartilage,  the  firm  matrix  of  which  has  become  lique- 
fied, 80  that  the  cartilage-corpuscles  are  perfectly  free  to  move  about. 
Of  the  two  kinds  of  corpuscles,  the  white,  seeing  that  they  alone 
exist  in  many  invertebi*ata,  must  be  regarded  as  the  original  and 
proper  cellular  elements.    The  red  corpuscles  are  forms  which  have 
oeen  specially  modified  for  respiratory  and  other  purposes.    In  re- 
garding, however,  blood  as  a  tissue,  we  find  that  it  differs  from  the 
other  tissues  in  possessing  no  one  characteristic  property.    The  pro- 
toplasm of  the  white  corpuscles  is  native  undifferentiated  protoplasm, 
^^  no  respect  fitted  for  any  special  duty;  as  far  as  we  know  at  present, 
the   -white  corpuscles  are  in  reality  embryonic  structures  concerned 
chiefly  in  the  production  of  other  forms,  such  as  red  corpuscles  and, 
1^  may  be,  under  certain  conditions,  various  elements  of  the  other 
tissues.     The  red  corpuscles  have  a  definite  respiratory  function ;  but 
^^se  form  a  part  only  of  the  blood.    The  largest  portion  of  the  blood, 
u    ^^^^^  mass  of  the  plasma,  is  an  unorganized  fluid  with  no  proper 
P*^ysiological  (vital)  properties  of  its  own.     Its  function  is  to  serve  as 
the  great  medium  of  exchange  between  all  the  tissues  of  the  body.   It, 
together  with  lymph  (whether  in  the  lymph-canals  or  in  the  inter- 
^.^ices  of  the  tissues),  may,  as  Bernard  has  suggested,  be  regarded  as  an 
^^^ernal  medium  bearing  the  same  relations  to  the  constituent  tissues 
Y^at  the  external  medium,  the  world,  does  to  the  whole  individual. 
yUst  as  the  whole  organism  lives  on  the  things  around  it,  its  air  and 
^^  food,  so  the  several  tissues  live  on  the  complex  fluid  by  which  they 
^^  all  bathed  and  which  is  to  them  their  immediate  air  and  food. 
^euce  the  composition  and  the  chai-acters  of  blood  must  be  for  ever 
^J^ing  in  different  parts  of  the  body  and  at  different  times.    The 
chaiiges  which  blood  is  known  to  undergo  in  passing  through  the 
^^rious  tissues  will  best  be  dealt  with  when  those  tissues  and  organs 
We  under  consideration.    At  present  it  will  be  sufficient  to  treat  of — 
ist,  the  general  chemical  composition  of  Blood;  2nd,  the  phenomena 
^  its  coagulation;  3rd,  the  history  of  its  corpuscles;  4th,  the  total 
quantity  of  blood  in  the  body. 
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Sec.  1.    The  Chemical  Composition  of  Blood. 

Blood,  within  the  living  vessels,  is  a  fluid;  but  when  shed,  or 
after  the  death  of  the  vessels,  becomes  solid  by  the  process  known  as 
coagulation.  The  average  specific  gravity  of  human  blood  is  1055, 
varying  from  1045 — 1075  within  the  limits  of  health.  It  has  an 
alkaline  reaction,  which  in  shed  blood  rapidly  diminishes  up  to  the 
onset  of  coagulation. 

Blood  may,  in  general  terms,  be  considered  as  consisting  by  weight 
of  more  than  one-third  and  less  than  one-half  of  corpuscles,  the  rest 
being  plasma,  the  corpuscles  being  supposed  to  retain  the  amount  of 
water  proper  to  them. 

Hoppe-Seyler  gives,  in  1000  parts  of  the  venous  blood  of  the  horse, 
Corpuscles,  326,  Plasma,  674 ;  C.  Schmidt^,  in  human  blood,  Corpuscles, 
513,  Plasma,  487 '. 

In  coagulation,  see  Sec.  2,  a  substance  called  fibrin  forms  with 
the  corpuscles  the  clot;  and  the  plasma  becomes,  by  the  loss  of  the 
fibrin  or  fibrin-factors,  converted  into  serum.  The  average  quantity 
of  fibrin  in  human  blood  is  said  to  be  -Sip.  c,  but  the  amount  which 
can  be  obtained  from  a  given  quantity  of  plasma  varies  extremely ; 
the  variation  being  due  not  only  to  circumstances  affecting  the  blood, 
but  also  to  the  method  employed. 

Since  serum  is  nothing  but  blood-plasma  deprived  of  its  fibrin- 
factors,  it  will  be  best  to  consider  the  chemical  composition  of  serum 
alone. 

Composition  of  serom.  In  100  parts  of  serum  there  are  in  round 
numbers        Water  90  parts 

Proteid  Substances  8  to  9 

Fat,  Extractive,  and  Saline  Matters    2  to  1 

Of  the  Proteid'  substances  the  great  mass  consists  of  the  so-called 
serum-albumin,  but  there  are  present  also  small  quantities  of  fibrino- 
plastin  or  fibrinoplastic  globulin,  which  may  be  precipitated  by  passing 
a  stream  of  carbonic  acid  through  diluted  serum,  and  of  alkah  albu- 
minate or  serum  casein,  which  after  removal  of  the  globulin  may  be 
thrown  down  by  dilute  acetic  acid,  and  which  is  totally  devoid  of 
fibrinoplastic  powers. 

The  fats,  which  are  scanty,  except  after  a  meal  or  in  certain  patho- 
logical conditions,  are  the  neutral  fats,  stearin,  palmitin,  and  olein,  with 
a  certain  quantity  of  their  respective  alkaline  soaps.  Lecithin  and 
cholesterin  occur  in  very  small  quantities  only.  Among  the  extrac- 
tives* present  in  serum  may  be  put  down  all  the  nitrogenous  and 
other  substances  which  form  the  extractives  of  the  body  and  of  food, 

^  CharaeterUtie  der  (Thol&ra,  p.  8. 

*  For  the  various  methods  of  determination  see  Hoppe-Sejler,  Edb,  Analyse^  p.  827. 

'  For  detailed  aoconnts  of  the  characters  of  the  several  chemical  substuices  men- 
tioned in  this  and  succeeding  duipters  consult  the  Appendix  under  the  appropriate 
headings. 

^  This  word  is  used  to  denote  soluble  substances  of  varied  origin  and  nature,  oceiu> 
ring  in  small  quantities,  and  therefore  requ^ing  to  be  'extracted '  by  special  means. 
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such  as  iirea»  kreatin,  sugar,  lactic  acid,  &c.  A  very  large  number  of 
these  have  been  discovered  in  the  blood  under  various  circumstances, 
the  consideration  of  which  must  be  left  for  the  present.  The  peculiar 
odour  of  blood-serum  is  probably  due  to  the  presence  of  volatile 
bodies  of  the  fatty  acid  series.  The  faint  yellow  colour  of  serum  is 
due  to  a  special  yellow  pigment.  The  most  characteristic  and  impor- 
tant chemical  feature  of  the  saline  constitution  of  the  serum  is  the 
preponderance  of  sodium  salts  over  those  of  potassium.  In  this  re- 
spect the  serum  offers  a  marked  contrast  to  the  corpuscles  (see  below). 
Less  marked,  but  still  striking,  is  the  abundance  of  chlorides  and  the 
poverty  of  phosphates  in  the  serum  as  compared  with  the  corpuscles. 
The  salts  may  in  fact  briefly  be  described  as  consisting  chiefly  of 
sodium  chloride,  with  small  quantities  of  sodium  carbonate,  sodium 
sulphate,  sodium  phosphate,  calcium  phosphate,  and  magnesium  phos- 
phate. 

Compofiitioii  of  the  red  corpuscles.     The  corpuscles  contain  less 
water  than  the  serum.    In  100  parts  of  wet  corpuscles  there  are  of 

Water  565        parts 

Solids  43-5  »  .  .  . 

The  solids  are  almost  entirely  organic  matter,  the  inorganic  salts  in 
the  corpuscles  amounting  to  less  than  1  p.  c.  Of  the  organic  matter 
again  by  far  the  larger  part  consists  of  hajmoglobin.  In  100  parts  of 
the  dried  organic  matter  of  the  corpuscles  of  human  blood,  Judell^ 
found,  as  the  mean  of  two  observations, 

Haemoglobin  90o4}  Lecithin  •54 

Proteid  Substances  8*67  Cholesterin  •25. 

The  composition  and  properties  of  haemoglobin  will  be  considered  in 
connection  with  respiration.  Of  the  proteid  substances  which  fonn 
the  stroma  of  the  non-nucleated  red  corpuscles  this  much  may  be  said, 
Ihat  they  belong  to  the  globulin  family.  The  amount  of  fibrinoplas- 
tic  globulin,  and  the  exact  nature  of  the  other  members  of  the  group 
present,  must  be  considered  as  yet  undetermined.  As  regards  the  in- 
organic constituents,  the  corpuscles  are  distinguished  by  the  relative 
abundance  of  the  salts  of  potassium  and  of  phosphates. 

The  distribution  of  inorganic  salts  in  blood  may  be  seen  from  the  follow 
ing  analysis  by  C.  Schmidt'  of  the  a»h  of  plasma  and  corpuscles  respectively 

In  1000  parts  Corpuscles.  In  1000  parts  Plasma. 

Potassium  chloride     3*679  Potassium  chloride      *359 
sulphate       '132  „  sulphate     -281 

phoHphate  2'343 


Sodium 

» 

•033 

Sodium  phosphate 

•271 

Calcium 

9> 

•094 

Calcium         „ 

•298 

Magnesium 

» 

•060 

Magnesium  „ 

•218 

Soda 

•341 

Soda 

Sodium  chloride 

1*532 
6546 

7-282 

8-505 

>  Hoppe-Sqrler,  Vnienwih.  m.  890.  '  0^,  eit. 
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It  must  be  remembered  that  the  arrangement  of  baaes  and  acids  in  such 
an  analysis  is  an  artificial  one,  and  moreover,  that  the  ash  does  not  repre- 
sent the  inorganic  salts  present  in  a  natural  condition  in  the  blood,  liius 
for  instance,  the  phosphates  in  the  ash  are  largely  derived  by  oxidation 
fi'om  the  phosphorus  present  in  the  lecithin,  and  the  sulphates  similarly 
from  the  sulphur  of  proteid  substances.  On  the  other  hand,  carbonic  anhy- 
dride is  absent  from  the  above  table,  though  carbonates  undoubtedly  exist 
in  the  serum.  Free  soda  is  put  down  as  a  constituent  of  the  ash,  because 
in  the  ash  the  bases  preponderate  over  the  acids  (even  when  carbonic 
anhydride  is  reckoned  with  them) ;  this  alone  shews  how  little  the  salts  of 
the  ash  correspond  to  those  really  present  in  the  blood.  Among  the  natural 
saline  constituents  of  serum  may  be  enimierated  sodium  chloride,  calcic 
phosphate,  which  is  enabled  to  exist  in  a  state  of  solution  in  the  alkaline 
blood  by  reason  of  its  being  combined  in  some  way  or  other  with  the  pro- 
teids,  and  sodium  carbonate. 

Composition  of  the  white  corpuscles,  if  it  be  permitted  to  infer 
the  composition  of  the  white  corpuscles  from  that  of  the  pus-corpuscles 
which  they  so  closely  resemble,  they  would  seem  to  consist  of* — 

1.  Several  proteid  substances,  viz.  ordinary  albumin,  an  albumin  like 
that  of  muscle  coagulating  at  48^,  an  alkali  albumin,  a  substance  closely 
resembling  myosin  and  yet  differing  from  it,  and  a  peculiar  form  of  proteid 
material  soluble  with  difficulty  in  hydrochloric  acid.  The  nuclei  contain 
nuclein.     See  Appendix. 

2.  Lecithin,  extractives,  glycogen,  and  inorganic  salts,  there  being  in  the 
ash  a  preponderance  of  potassium  salts  and  of  phosphates ;  after  the  death 
of  the  corpuscle  the  glycogen  appears  to  be  converted  into  sugar. 

Both  the  corpuscles  and  the  plasma  (or  seinim)  contain  gases. 
These  will  be  considered  in  connection  with  respiration. 

The  main  facts  of  interest  then  in  the  chemical  composition  of  the 
blood  are  as  follows.  The  red  corpuscles  consist  chiefly  of  haemoglo- 
bin. The  solids  of  serum  consist  chiefly  of  serum-albumin,  the  quan- 
tity of  fibrin  factors  and  of  alkali  albuminate  being  small.  The  serum 
or  plasma  contrasts  with  the  corpuscles,  inasmuch  as  the  former 
contains  chiefly  chlorides  and  sodium  salts  while  the  latter  are  richer 
in  phosphates  and  potassium  salts.  The  extractives  of  the  blood  are 
remarkable  rather  for  their  number  and  variability  than  for  their 
abundance,  the  most  constant  and  important  being  perhaps  urea, 
kreatin,  sugar,  and  lactic  acid. 

Sec.  2.    The  Coagulation  of  Blood. 

Blood,  when  shed  from  the  blood-vessels  of  a  living  body,  is 
perfectly  fluid.  In  a  short  time  it  becomes  viscid;  it  flows  less 
readily  from  vessel  to  vessel.  The  viscidity  increases  rapidly  until 
the  wnolo  mass  of  blood  under  observation  becomes  a  complete  jelly. 
The  vessel  into  which  it  has  been  shed,  can  at  this  stage  be  inverted 
without  a  drop  of  the  blood  being  spilt.    The  jelly  is  of  the  same 

1  Miescher.    Hoppe-Seyler,  Untersuchungen,  vr,  441. 
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bulk  as  the  previously  fluid  blood,  and  if  forcibly  removed,  presents  a 
complete  mould  of  the  interior  of  the  vesseL  K  the  blood  in  this 
jelly  stage  be  left  untouched  in  a  glass  vessel,  a  few  drops  of  an 
almost  colourless  fluid  soon  make  their  appearance  on  the  surface  of 
the  jelly.  Increasing  in  number,  and  running  together,  the  drops 
after  a  while  form  a  superficial  layer  of  pale  straw-coloured  fluid. 
Later  on,  similar  layers  of  the  same  fluid  are  seen  at  the  sides  and 
finally  at  the  bottom  of  the  jelly,  which,  shrunk  to  a  smaller  size 
and  of  firmer  consistency,  now  forms  a  clot  or  crdssamentum,  floating 
in  a  perfectly  fluid  serum.  The  shrinking  and  condensation  of  the 
doty  and  the  corresponding  increase  of  the  serum,  continue  for  some 
time.  The  upper  surface  of  the  clot  is  generally  cupped.  A  portion  of 
the  dot  examined  under  the  microscope  is  seen  to  consist  of  a  feltwork 
of  fine  granular  fibrils,  in  the  meshes  of  which  are  entangled  the  red 
and  white  corpuscles  of  the  blood.  In  the  serum  nothing  can  be 
seen  but  9.  few  stray  corpuscles. 

In  man,  blood  when  shed  becomes  viscid  in  about  two  or  three 
minutes,  and  enters  the  jelly-stage  in  about  five  or  ten  minutes. 
After  the  lapse  of  another  few  minutes  the  first  drops  of  serum  are 
seen,  and  coagulation  is  generally  complete  in  from  one  to  several 
hours.  The  times  however  vrill  be  found  to  vary  according  to  the 
condition  of  the  individual,  the  temperature  of  the  air,  and  the 
size  and  form  of  the  vessel  into  which  the  blood  is  shed.  Among 
Animftla  the  rapidity  of  coagulation  varies  exceedingly  in  different 
spedes.  The  blood  of  the  horse  coagulates  with  remarkable  slow- 
ness ;  so  slowly  indeed  that  many  of  the  red  corpuscles  (these  are 
specifically  heavier  than  the  plasma)  have  time  to  sink  before 
visddity  sets  in.  In  consequence  there  appears  on  the  surface  of 
the  blood  an  upper  layer  of  colourless  plasma,  containing  in  its 
deeper  portions  many  colourless  corpuscles  (which  are  lighter  than 
the  red).  This  layer  clots  like  the  other  parts  of  the  blood,  forming 
the  so-called  *  buffy  coat'  A  similar  buffy  coat  is  sometimes  seen  in 
the  blood  of  man,  in  inflammatory  conditions  of  the  body. 

This  bufiy  coat  makes  its  appearance  in  horse's  blood  even  at  the 
ordinary  temperature  of  the  air.  If  a  portion  of  horse's  blood  be 
surrounded  by  a  cooling  mixture  of  ice  and  salt,  and  thus  kept  at 
about  0*  C,  coagulation  may  be  almost  indefinitely  postponed.  Under 
these  circumstances  a  more  complete  descent  of  the  corpuscles  takes 
place,  and  a  considerable  quantity  of  colourless  transparent  plasma 
free  from  blood-corpuscles  may  be  obtained.  A  portion  of  this 
plasma  removed  from  the  freezing  mixture  clots  exactly  as  does  the 
entire  blood.  It  first  becomes  viscid  and  then  forms  a  jelly,  which 
subsequently  separates  into  a  colourless  shrunken  clot  and  serum. 
This  shews  that  the  corpuscles  arc  not  an  essential  part  of  the  clot. 

If  a  few  cubic  centimetres  of  the  same  plasma  be  diluted  with  50 
times  its  bulk  of  a  *75  p.c.  solution  of  sodium  chloride^  coagulation  is 

1  A  folntioii  of  Bodiom  chloride  of  this  strength  will  hereafter  be  epoken  of  aa 
'normal  aaline  solution.' 


]U]U«iu  t?f,saAfAf  sad  de;  nvasas  xaus^  tdsbj^  itt  lamt  friijy 
ni;u>:  <r«aaetfKtif9!;  <tf  a  j^ilj.  am^  ac  lAic  aoDSr  tame 

iol ;%  ^i^na&dtkr  ^  wldft  »  i«a£^  £^issai  sanmi.    If  a  :n>niiBw  of  SDch 

i^  k  ^..fijAii^  atari  fLe  ^r^T-^sai^  mar  be  aJftd^etho-  done  avmj  vith. 
Wi&«*:A  fre&fa  Ukif'jd  vydk  ibai  iifQC  j«t  kaiiniK  toeoogidbfteissdnedor 
or^.Iff^  vhii  a  iKSE^ikr  of  roils  if  or  aBTthing  faeinatfiag  a  laige 
lesci^i'/i-iM,  «f  ir/Ts^  icif£aiiKr)>,  im>  Jdh'-fike  coagnlasion  takes  place,  bat 
^.ir*;^  roidb  iKy^jO^  ovrered  vhb  a  nubB  cf  dioimken  fibniL  Kood  thus 
vfit^M^  niml  fibrin  eeaaes  to  be  depasted,  is  iboikd  to  bare  entirdj 
;.  M  1^  yrmtit  </  ooagnlatknu  Pottti^  all  these  £Kts  together,  it  is 
^'Tj  f^Uaa  that  the  OMgiilatioQ  c€  Uocd  is  doe  to  the  appeaiance  in 
ifi^  jAatiOtt^ii  fA  fine  fitxils  iA  fibrin,  h^  k«^  as  these  are  scantj,  the 
Wit^A  vk  fiuff^  Tiscid*  When  thej  become  snfficientty  nomenNis, 
ihfry  fpre  ihf:  lifjfA  the  firmness  of  a  jellj.  Soon  after  their  fonna* 
Vf/u  tb^  b^n  to  shrink ;  and  in  their  shiinkii^  endose  in  their 
rf^-$Ai^  the  er/rjmscles,  bat  squeeze  oot  the  remaining  ftoid  parts  ci 
^\^',  }AfffA,  Hence  the  affeantnce  of  the  shrunken  colooied  dot  and 
ij^;  ^'/Afmtif:m  serum. 

Fif/rin^  whether  obtained  bj  whipping  fieshlr-ded  Uood,  <Nr  by 
yfHkWtu'j^  a  normal  clot,  or  a  clot  obtained  firom  coloarless  pbMama^ 
f^zhHAUi  the  same  general  characters.  It  is  a  proteid ;  and  gives  tbe 
'/ffVit^rj  proteid  reactions.  It  it  insoluble  in  water  and  in  dilute 
irj$\U%*i  HfAniionsi ;  and  though  it  swells  up  in  dilute  hydrochloric  add, 
h  in  U'A,  thereby  appreciably  dissolved  (see  Appendix). 

SitutfT  difierenoes  have  been  stated  to  exist  in  the  chaiacters  of  fibrin 
o}fiMf$^:flf  in  vari/ios  ways  and  from  various  aooroes,  ex  gr.  by  whining  or  by 
yfMUutf^  a  bUxd-ck/t,  from  venous  or  from  arterial  blood.  But  i^ese  differences 
^i,r$f  urifrnfi'/rtant.     The  characters  are  said  to  vary  also  in  different  ftnifwlR, 

( yifsi^iihiiifm  then  is  due  to  the  appearance  in  the  blood-plasma  of 
ft  nH\mUinc4if  fibrin,  which  previously  did  not  exist  there  as  such. 
Ku/;h  a  substance  must  have  antecedents,  or  an  antecedent — ^what 
nn$  iUay,  or  what  is  it  t 

Jf  hUxnl  be  received  direct  from  the  blood-vessels  into  one- 
tfiird  itM  bulk  of  a  saturated  solution  of  some  neutral  salt,  such  as 
rri/H(n<5sium  sulphate,  and  the  two  gently  but  thoroughly  mixed, 
r^mgiiliition,  especially  at  a  moderately  low  temperature,  will  be 
dfTferrod  for  a  very  lon^  time.  K  the  mixture  be  allowed  to  stand, 
the  c^irpuiicles  will  sink,  and  a  colourless  plasma  will  be  obtained 
similar  to  the  plasma  gained  from  horse's  blood  by  cold,  except  that 
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it  contains  an  excess  of  tbe  neutral  salt.  The  presence  of  the  neutral 
salt  has  acted  in  the  same  direction  as  cold :  it  has  prevented  tbe 
occurrence  of  coagulation.  It  has  not  destroyed  the  fibrin ;  for  if 
some  of  the  plasma  be  diluted  with  ten  or  more  times  its  bulk 
of  water,  it  will  coa^late  speedily  in  quite  a  normal  fashion,  with 
the  production  of  quite  normal  fibrin. 

If  some  of  the  colourless  transparent  plasma,  obtained  cither  by 
the  action  of  neutral  salts  from  any  blood,  or  by  the  help  of  cold  from 
horse's  blood,  be  treated  with  some  solid  neutral  salt,  such  as  sodium 
chloride,  to  saturation,  a  white  flaky  somewhat  sticky  precipitate  will 
make  its  appearance.  If  this  precipitate  be  removed,  the  fluid  is  no 
longer  coagulable  (or  very  slightly  so),  even  though  the  neutral  salt 
present  be  removed  by  dialysis,  or  its  influence  lessened  by  dilution. 
With  the  removal  of  the  substance  precipitated,  the  plasma  has  lost 
its  power  of  coagulating. 

If  the  precipitate  itself,  after  being  washed  with  a  saturated 
solution  of  the  neutral  salt  (in  which  it  is  insoluble)  so  as  to  get  rid 
of  all  serum  and  other  constituents  of  the  plasma,  be  treated  with  a 
small  quantity  of  water,  it  readily  dissolves,  and  the  solution  rapidly 
filtered  gives  a  clear  colourless  filtrate,  which  is  at  first  perfectly  fluid. 
Soon,  however,  the  fluidity  gives  way  to  viscidity,  and  this  in  turn  to  a 
jelly  condition,  and  finally  the  jelly  shrinks  into  a  clot  floating  in  a 
clear  fluid;  in  other  words,  the  filtrate  clots  like  plasma.  Thus  there 
is  present  in  cooled  plasma,  and  in  plasma  kept  from  clotting  by  the 
presence  of  neutral  salts,  a  something,  precipitable  by  saturation  with 
neutral  salts,  a  something  which,  since  it  is  soluble  in  water,  or  in 
very  dilute  saline  solutions,  cannot  be  fibrin  itself,  but  which  in 
solution  speedily  gives  rise  to  the  appearance  of  fibrin.  To  this  sub- 
stance its  discoverer,  Denis*,  gave  the  name  of  plasmine.  We  are 
justified  in  saying  that  the  coagulation  of  blood  is  due  to  the  con- 
version of  plasmine  into  fibrin. 

The  question  now  arises,  What  is  the  exact  nature  of  plasmine? 
Is  it  for  instance  a  mixture  of  two  or  more  substances  which  by  their 
interaction  produce  fibrin?  This  view  is  suggested  by  the  fact  that 
plasmine  cannot  be  kept  in  soliition  for  any  length  of  time  without 
changing  into  fibrin,  except  when  submitted  to  certain  influences, 
such  as  cold.     It  is  moreover  supported  by  the  following  facts. 

The  disease  known  as  hydrocele  is  characterized  by  the  presence 
in  the  tunica  vaginalis  (or  serous  sac  of  the  testis)  of  an  abnormal 
and  often  very  considerable  quantity  of  a  clear,  colourless,  or  faintly 
yellow  fluid  very  similar  to  the  serum  of  clotted  blood.  This  secre- 
tion, when  drawn  from  the  living  body  without  admixture  of  blood, 
will  in  the  great  majority  of  cases  remain  perfectly  fluid,  and  enter 
into  decomposition  without  having  shewn  any  tendency  whatever  to 
clot.  In  a  few  exceptional  cases  a  coagulation,  generally  slight,  but 
quite  similar  to  that  of  colourless  blood-plasma,  may  be  observed. 

1  iifui.  d.  Set.  NaU,  (iy.)  z.  p.  25. 
P.P.  2 
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If  a  small  quantity  of  hydrocele  fluid  which  has  been  observed 
not  to  clot  spontaneously  be  mixed  with  some  serum  or  whipped 
blood,  the  mixture  will  after  a  longer  or  shorter  time  clot  in  a  com- 
pletely normal  manner.  That  is  to  say,  two  fluids  neither  of  which 
apart  clot  spontaneously,  will  clot  spontaneously  when  mixed  together. 
In  some  cases  no  clot  is  formed;  specimens  of  hydrocele  fluid  are 
occasionally  met  with  in  which  coagulation  cannot  be  thus  produced. 

If  serum  be  treated  to  saturation  with  solid  sodium  enloride,  a 
flaky  precipitate  very  similar  in  general  appearance  to  plasmine  will 
make  its  appearance.  Like  plasmine  this  precipitate  is  soluble  in 
very  dilute  neutral  saline  solutions^  and  in  consequence  as  thus  pre- 
pared readily  dissolves  when  treated  with  distilled  water,  since  a 
certain  amount  of  sodium  chloride  clings  to  it.  Unlike  plasmine,  its 
filtered  solution  will  not  clot.  If,  however,  some  of  the  solution  be 
added  to  hydrocele  fluid,  a  clotting  takes  place  just  the  same  as 
when  serum  itself  is  added.  The  rest  of  the  serum  from  which  this 
substance  has  been  removed  will  not,  after  the  removal  by  dialysis  of 
the  excess  of  salt,  cause  clotting  in  hydrocele  fluid.  Evidently  it  is 
the  presence  of  this  constituent,  not  coagulable  of  itself,  which  gives 
to  serum  its  power  of  producing  a  coagulation  in  hydrocele  fluid. 
The  substance  in  question  may  also  be  prepared  by  diluting  blood- 
serum  with  ten  or  twenty  times  its  bulk  of  water  and  passing  a  brisk 
stream  of  carbonic  acid  through  it.  The  mixture  speedily  oecomes 
turbid,  and  if  left  to  stand  a  copious  white  amorphous  somewhat 
granular  precipitate  settles  down.  The  substance  so  thrown  down 
belongs  by  its  characters  to  the  class  of  globulins  (see  Appendix).  It 
is  readily  soluble  in  dilute  neutral  saline  solutions,  and  its  solutions  in 
these  cause  coagulation  of  hydrocele  fluid.  It  may  also  be  thrown 
down  by  very  cautiously  adding  dilute  acetic  acid  to  dilute  serum.  It 
has  received  the  name  of  fihrinoplasUn  or  fibrinoplastic  globuiin  or 
paraglohulin. 

If,  on  the  other  hand,  hydrocele  fluid,  specimens  of  which  have 
been  observed  to  coagulate  on  the  addition  of  serum  or  fibrinoplastin, 
be  treated  in  the  same  way  either  with  carbonic  acid  or  with  sodium 
chloiide  to  saturation,  a  precipitate  is  obtained  similar  to,  but  more 
flaky   and   less  granular   in  nature  than,  that  produced  in  serum 
When    this  precipitate,  to  which  the  name  of  fibrinogen  has  beer 
given,  dissolved  in  dilute  neutral  saline  solution,  is  added  to  serum 
the  mixture  coagulates  spontaneously,  while  the  hydrocele  fluid  froir 
which  the  substance  has  been  removed  no  longer  causes  coagulatioi 
in   serum.     Thus   fibrinoplastin  from    serum   causes  coagulation  a 
hydrocele  fluid,  and  fibrinogen  from  hydrocele  fluid  causes  coagula 
tion  of  serum,  though  neither  alone  coagulate  spontaneously.    An< 
serum  deprived  of  its  fibrinoplastin,  and  hydrocele  fluid  deprived  p 
its  fibrinogen,  have  lost  all  power  of  coagulating  each  other. 

It  is  worthy  of  remark  that  fibrinoplastin  is  more  easy  of  extractioi 
than  fibrinogen,  and  that  hydrocele  fluid  is  much  more  readily  and  finulj 
cuugulated  by  fibrinoplai^tin  than  is  serum  by  fibrinogen. 
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Lastly,  if  solid  fibrinoplastin  and  fibrinogen,  prepared  by  the 
sodium  chloride  method,  be  together  dissolved  in  dilute  saline  solution, 
the  fluid  mixture  will  coagulate  spontaneously  with  the  production  of 
quite  normal  fibrin. 

These  facts  seem  to  shew  that  plasmine  is  a  mixture  of  fibrinogen 
and  fibrinoplastin;  indeed  an  artificial  mixture  of  the  two  latter, 
obtained  from  serum  and  hydrocele  fluid  respectively,  would  be  un- 
distinguishable  from  the  former  obtained  from  plasma.  It  must 
howeyer  be  remembered  that  no  one  has  yet  succeeded  in  separating 
natural  plasmine  into  fibrinogen  and  fibrinoplastin  \ 

There  are  moreover  facts  which  shew  that  the  above  statements  do  not 
cover  the  whole  ground;  there  is  evidence  of  the  existence  of  a  third  factor 
in  the  process. 

1.  If  fibrinogen  and  fibrinoplastin  be  isolated  by  the  carbonic  acid 
method,  their  mixture  in  a  saline  solution  clots  with  great  difficulty  or  not 
at  all ;  prepared  by  the  saturation  method,  they  give  a  good  firm  clot.  This 
Buggests  that  something  retained  by  tiie  latter  method  is  lost  by  the 
£anner  methed. 

2.  Normal  blood-plasma  must  naturally  contain  an  excess  of  fibrino- 
plastin, since  after  coagulation  the  seiiim  still  contains  a  considerable 
quantity  of  that  body.  Yet  even  in  blood-plasma,  fibrinoplastin,  under 
certain  circamstances,  will  favour  coagulation.  If  three  parts  of  plasma  be 
mixed  with  one  part  of  a  solution  of  magnesium  sulphate  (one  of  the  salt  to 
three  and  a  half  of  water),  the  mixture  diluted  with  eight  parts  of  water 
^will  afford  a  dilute  plasma,  in  whicl^  spontaneous  coagiilation  will  either  not 
occur  at  all  or  come  on  very  slowly  indeed.  In  this  dilute  plasma  the 
fibrinoplastin  is  still  in  excess.  Nevertheless  the  addition  of  a  further 
^quantity  of  fibrinoplastin,  prepared  by  saturation  with  sodium  chloride, 
^111  speedily  cause  coagulation.  From  this  it  may  be  inferred  that  iu 
ayj^^ing  the  fibrinoplastin  thus  prepared  something  else  is  added  as  well. 

3.  If  blood-serum  or  defibrinated  blood  be  poured  into  about  twenty 

times  its  bulk  of  strong  spirit  and  the  mixture  allowed  to  stand  for  some 

thi^e  weeks,  or  longer,  the  proteid  mattera  including  the  fibrinoplastin 

become  coagulated  and  almost  wholly  insoluble  in  water.     Hence  if  the 

spirit  be  filtered  off  from  the  co])ious  precipitate,  and  the  latter  dried  at 

a  low  temperature  (below   40°)  and  extracted  with  distilled  water,  the 

aqueoQB  extract  contains  no  palpable  amount  of  proteid  material  and  given 

but  slight  reactions  with  proteid  tests.     A  small  quantity  of  this  aqueous 

extract  of  blood,  however,  though  free  from  fibrinoplastin,  will  when  added 

to  the  dilute  plasma,  spoken  of  above,  bring  about  a  rapid  coagulation. 

4.  If  the  pericardial  cavity  of  a  large  mammal  (ox,  horse,  sheep)  be  laid 
open  immedicUely  after  deaths  the  fluid  removed  will  coagulate  spontane- 
ously and  rapidly.     The  clot  will  on  examination  be  found  to  consist  of  a 

1  We  owe  the  disoovery  of  fibrinoplastin  and  fibrinogen  to  A.  Schmidt,  whose  earlier 
papers  wiU  be  fonnd  in  Beichert  and  Du  Bois-Beymond's  Archiv,  1801,  p.  545,  and  1862, 
p.  42S.  SehmidVs  later  results,  which  are  discussed  iu  the  succeeding  portions  of  this 
section,  are  contained  in  papers  published  in  FflUger's  Archiv,  vi.  (1872)  p.  413;  xi 
(1875),  pp.  291  and  515 ;  xiii.  pp.  93  and  146. 
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nieshwork  of  normal  fibrin  in  which  are  entangled  a  multitude  of  white 
corpuscles.  If  the  opening  of  the  body  be  deferred  to  some  twenty  or 
more  hours  after  death,  the  pericardial  fluid  will  be  found  either  not  to 
coagulate  at  all  or  to  coagulate  very  slowly  and  feebly. 

When,  however,  fibrinoplastin  prepared  by  the  saturation  method  is 
added  to  such  a  pericardial  fluid  a  rapid  and  complete  coagulation  is  gener- 
ally brought  about.  But  precisely  the  same  coagulation  may  in  many 
cases  be  brought  about  by  the  simple  addition  of  the  aqueous  extract  just 
described.  Most  pericardial  fluids  in  fact  behave  extremely  like  the  dilute 
plasma  spoken  of  above. 

Here  then  are  indications  of  the  existence  of  a  substance  which  is 
neither  fibrinogen  nor  fibrinoplastin,  but  which  nevertheless  ap])ear8  to  be 
as  necessary  as  either  of  the  other  two  for  the  occurrence  of  coagulation. 
This  third  substance  will  not  bring  about  coagulation  with  fibrinogen  alone 
or  with  fibrinoplastin  alone.  It  will  not  bring  about  coagulation  in  fluids 
such  as  ordinary  hydrocele  fluid,  in  which  fibrinoplastin  is  apparently  absent, 
nor  in  serum,  in  which  fibrinogen  is  absent.  It  is  efficacious  only  in  such 
cases  where  there  ai'e  reasons  for  thinking  that  both  fibrinoplastin  and 
fibrinogen  are  present  But  its  most  important  feature  is  the  following. 
In  the  cases  in  which  coagulation  is  brought  about  by  the  addition  of 
fibrinoplastin  to  fibrinogenous  liquids,  the  quantity  of  fibrin  produced 
bears,  within  certain  limits,  a  proportion  to  the  quantity  of  fibrinoplastin 
added ;  whereas  the  addition  of  aqueous  extract  of  blood  only  afifects  the 
rapidity  with  which  coagulation  sets  in,  and  not  at  all  the  quantity  of 
fibrin  produced.  In  other  words,  the  aqueous  extract  does  not  contribute 
to  the  substance  of  the  fibrin,  but  favours^  or  is  essential  to,  the  union  o^ 
the  two  fibrin  factors.  That  is  to  say,  the  substance  in  the  aqueous 
extract  which  thus  aflects  coagulation  belongs  to  that  class  of  substances 
which  promote  the  union  of  other  bodies,  or  cause  changes  in  other  bodies, 
without  themselves  entering  into  union  or  undergoing  change.  These 
substances  we  shall  hereafter  learn  to  speak  of  as  '^ ferments;"  and  this 
particular  substance  has  been  called  by  its  discoverer,  A.  Schmidt^,  fibrin- 
ferment.  Obviously  the  ferment  is  present  in  blood-plasma,  in  plasmine, 
and  in  fibrinoplastin  as  prepared  by  the  saturation  method,  but  is  apparently 
in  large  measure  lost  when  fibrinoplastin  is  prepared  by  the  carbonic  acid 
method. 

In  conclusion  then  we  may  say,  that  coagulation  is  the  result  of  the 
interaction  of  two  bodies,  fibrinoplastin  and  fibrinogen,  brought  about  by 
the  agency  of  a  third  body,  fibrin-ferment.  Where  these  three  bodies  are 
all  present,  as  in  blood-plasma,  in  plasmine,  in  pericardial  fluid  taken  from 
the  body  immediately  after  death,  spontajieous  coagulation  is  witnessed : 
where  the  ferment  is  absent,  but  the  other  factors  are  present,  as  in  many 
cases  of  pericardial  fluid  removed  some  time  after  death,  coagulation  will 
take  place  on  the  addition  of  ferment  alone  :  where  both  ferment  and  fibri- 
noplastin are  absent,  as  in  many  cases  of  hydrocele  fluid,  both  these  must 
be  added  before  coagulation  can  come  on. 

The  exact  nature  of  the  process  by  which  the  presence  of  all  three 
factors  leads  to  the  formation  of  fibrin  cannot  be  at  present  defined  more 
closely  than  by  the  phrase  '  interaction.'  Beyond  the  broad  fact  that  the 
quantity  of  fibrin  formed  is  dependent  on  the  quantity  of  fibrinoplastin 

1  Op.  eiu 


Chap.  I.]  BLOOD.  21 

and  fibrinogen  present,  we  have  no  knowledge  of  quantitatiTe  relations 
between  the  two  constituents.  That  they  do  not  unite  simply  together,  as 
a  base  with  an  acid,  seems  to  be  clearly  shewn  by  the  fact,  stated  by 
Schmidt,  that  in  artificial  coagulations  the  quantity  of  fibrin  formed  is  by 
weight  always  less  than  that  of  the  fibrinoplastin  used.  Hammarsten* 
argues  that  the  fibrinoplastin,  or,  as  he  would  prefer  still  to  call  it,  paraglo- 
bolin  does  not  enter  in  any  way  into  the  fibrin,  the  latter  being  simply 
transformed  fibrinogen.  He  explains  the  fibrinoplastic  properties  of  parar 
globolin  as  due  to  that  substance  obviating  certain  hindrances  to  the 
formation  of  the  fibrin,  for  instance,  preventing  the  solution  by  saline  or 
other  bodies  of  the  fibrin  while  it  is  in  what  may  be  called  a  nascent 
condition,  t.  e.  in  a  stage  intermediate  between  fibrinogen  and  fibrin.  Ac- 
cording to  him  the  quantity  of  fibrinoplastin  present  in  a  coagulating 
fluid,  though  of  marked  effect  on  the  quantity  of  fibrin  produced,  has  no 
effect  on  the  total  quantity  of  fibrinogen  used  up,  L  e.  transformed  into 
fibrin  or  into  something  else. 

Still  the  conception  of  coagulation  as  a  chemical  process  between 
certain  factors  renders  easy  of  comprehension  the  influence  of  various 
conditions  on  the  coagulation  of  blood.  The  quickening  influence  of 
heat,  the  retarding  effect  of  cold,  the  favourable  action  of  motion  and 
of  contact  with  surfaces,  and  hence  the  results  of  whipping  and  the 
influence  exerted  by  the  form  and  surface  of  vessels,  become  in- 
telli^ble.  The  greater  the  number  of  points,  that  is  the  larger  and 
router  the  surface  presented  by  the  vessel  into  which  blood  is  shed, 
the  more  quickly  coagulation  comes  on,  for  contact  with  surfaces 
favours  chemical  union.  So  also  the  presence  of  spongy  platinum,  or 
of  an  inert  powder  like  charcoal,  quickens  the  coagulation  of  tardily 
clotting  fluids,  such  as  many  cases  of  pericardial  fluid. 

The  action  of  neutral  salts  is  still  obscure.  Schmidt  has  shewn  that 
the  presence  of  a  neutral  salt,  such  as  sodium  chloride,  is  essential  to  the 
process,  coagulation  not  occurring  even  where  all  three  factors  are  present, 
if  no  neutral  salt  accompany  them ;  thus  bringing  fibrin  coagulation  after 
all  into  the  same  category  as  the  coagulation  of  albumin  by  heat:  see 
Appendix.  The  presence  of  haemoglobin  also,  independently  of  the  fibrino- 
plastin which  may  be  present  in  the  red  corpuscles,  appears  to  favour 
coHgulation. 

Having  thus  arrived  at  an  approximative  knowledge  of  the  nature 
of  coagulation,  we  are  in  a  better  position  for  discussing  the  question. 
Why  does  blood  remain  fluid  in  the  vessels  of  the  living  body  and  yet 
clot  when  shed  ? 

The  older  views  may  be  at  once  summarily  dismissed.  The 
clotting  is  not  due  to  loss  of  temperature,  for  cold  retards  coagu- 
lation, and  the  blood  of  cold-blooded  animals  behaves  iust  like  that 
of  warm-blooded  animals  in  clotting  when  shed.  It  is  not  due  to 
loss  of  motion,  for  motion  favours  coagulation.  It  is  not  due  to 
exposure  to  air,  whereby  either  an  increased  access  of  oxygen  or  an 
escape  of  volatile  matters  is  facilitated,  for  on  the  one  hand  the  blood 
is  fully  exposed  to  the  air  in  the  lungs,  and  on  the  other  shed  blood 

1  Pflttger's  Arehiv,  xir.  (1877),  211. 
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clots  when  received,  without  any  exposure  to  the  atmosphere,  in  a 
closed  tube  over  mercury. 

All  the  facts  known  to  us  point  to  the  conclusion,  that  when 
blood  is  contained  in  healthy  living  blood-vessels,  a  certain  relation 
or  equilibrium  exists  between  the  blood  and  the  containing  vessels  of 
such  a  nature  that  as  long  as  this  equilibrium  is  maintained  the 
blood  remains  fluid,  but  that  when  this  equilibrium  is  disturbed  by 
events  in  the  blood  or  in  the  blood-vessels  or  by  removal  of  the 
blood,  the  blood  undergoes  changes  which  result  in  coagulation. 
The  most  salient  facts  in  support  of  this  conclusion  are  as  follows. 

1.  After  death,  when  all  motion  of  the  blood  has  ceased,  the  blood 
remains  for  a  long  time  fluid.  It  is  not  till  some  time  afterwards,  at 
an  epoch  when  post-mortem  changes  in  the  blood  and  in  the  blood- 
vessels have  had  time  to  develope  themselves,  that  coagulation  begins. 
Thus  some  hours  after  death  the  blood  in  the  great  veins  may  be 
found  perfectly  fluid.  Yet  such  blood  has  not  lost  its  power  of  coagu- 
lating ;  it  still  clots  when  removed  from  the  body,  and  clots  too  when 
received  over  mercury  without  exposure  to  air,  shewing  that  the 
fluidity  of  the  highly  venous  blood  is  not  due  to  any  excess  of  car- 
bonic acid  or  absence  of  oxygen.  Eventually  it  does  clot  even  within 
the  vessels,  but  never  so  firmly  and  completely  as  when  shed.  It 
clots  first  in  the  larger  vessels,  remaining  for  a  very  long  time,  for 
many  hours  in  fact,  fluid  in  the  smaller  veins,  where  the  same  bulk 
of  blood  is  exposed  to  the  influence  of,  and  reciprocally  exerts  an  in- 
fluence on,  a  larger  surface  of  the  vascular  walls  than  in  the  larger 
veins.  Thus  if  the  foot  of  a  sheep  be  ligatured  and  amputated,  the 
blood  in  the  small  veins  will  be  found  fluid  and  yet  coagulable  for 
many  hours. 

2.  If  the  vessels  of  the  heart  of  a  turtle  (or  any  other  cold-blooded 
animal)  be  ligatured,  and  the  heart  be  cut  out  and  suspended  so  that  it 
may  continue  to  beat  for  as  long  a  period  as  possible,  the  blood  will 
remain  fluid  within  the  heart  as  long  as  the  pulsations  go  on,  %.e.  for 
one  or  two  days  (and  indeed  for  some  time  afterwards),  though  a  por- 
tion taken  away  at  any  period  of  the  experiment  will  clot  very 
speedily  \ 

3.  If  the  jugular  vein  of  a  large  animal,  such  as  an  ox  or  horse, 
be  ligatured  when  full  of.  blood,  and  the  ligatured  portion  excised, 
the  blood  in  many  cases  remains  perfectly  fluid,  along  the  greater 
part  of  the  length  of  the  piece,  for  twenty-four  or  even  forty-eight 
hours.  The  piece  so  ligatured  may  be  suspended  in  a  framework 
and  opened  at  the  top  so  as  to  imitate  a  living  test-tube,  and  yet  the 
blood  will  often  remain  long  fluid,  though  a  portion  removed  at  any 
time  into  another  vessel  will  clot  in  a  few  minutes.  If  two  sucn 
living  test-tubes  be  prepared,  the  blood  may  be  poured  from  one  to  the 
other  without  coagulation  taking  place". 

1  Bruoke,  Brit,  and  For,  Med,  Chir,  Beview,  m.  p.  183  (1867). 
*  Lister,  Proc.  Roy,  Soc,  su.  p.  680  (1868). 
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The  above  &cts  illustrate  the  absence  of  coagulation  in  intact 
or  slightly  altered  living  blood-vessels;  the  following  shew  that  co- 
agulation may  take  place  even  in  the  living  vessels. 

4.  If  a  needle  or  piece  of  wire  or  thread  be  introduced  into  the 
living  blood-vessel  of  an  animal,  either  during  life  or  immediately 
after  death,  the  piece  will  be  found  encrusted  with  fibrin. 

5.  If  in  a  living  animal  a  blood-vessel  be  ligatured,  the  ligature 
being  of  such  a  kind  as  to  injure  the  inner  coat,  coagulation  takes  place 
at  the  ligature  and  extends  for  some  distance  from  it.  Thus  if  the 
jugular  vein  of  a  rabbit  be  ligatured  roughly  in  two  places,  clots  will 
in  a  few  hours  be  found  in  the  ligatur^  portion,  reaching  upwards 
and  downwards  from  each  ligature,  the  middle  portion  being  the 
least  coagulated  Clots  will  also  be  found  on  the  far  side  of  each 
ligature.  The  clots  will  still  appear  if  the  ligature  be  removed  im- 
mediately after  being  applied,  provided  that  in  the  process  the  inner 
coat  has  been  wounded.  K  the  ligatures  be  applied  in  such  a  way  as 
not  to  injure  the  inner  coat,  coagulation  will  not  take  place,  though 
the  blood  may  remain  for  many  hours  perfectly  at  rest  between  the 
ligatures. 

6.  When  an  artery  is  ligatured  a  conspicuous  clot  is  formed  on 
the  cardiac  side  of  the  ligature.  The  clot  is  largest  and  firmest  in  the 
immediate  neighbourhood  of  the  ligature,  gradually  thinning  away 
from  thence  and  reaching  usually  as  far  as  where  a  branch  is  given 
off.  Between  this  branch  and  the  ligature  there  is  stasis ;  the  walls 
of  the  artery  suffer  from  the  want  of  renewal  of  blood,  and  thus  favour 
the  propagation  of  the  coagulation.  On  the  distal  side  of  the  ligature 
where  the  artery  is  much  shrunken,  the  clot  which  is  formed,  though 
naturally  small  and  inconspicuous,  is  similar. 

7.  Any  injury  of  the  inner  coat  of  a  blood-vessel  causes  a  coagu- 
lation at  the  spot  of  injury.  Any  treatment  of  a  blood-vessel  tending 
to  injure  its  normal  condition  causes  local  coagulation. 

8.  Disease  involving  the  inner  coat  of  a  blood-vessel  causes  a 
coagulation  at  the  part  diseased.  Thus  inflammation  of  the  lining 
membrane  of  the  valves  of  the  heart  in  endocarditis  is  frequently 
accompanied  by  the  deposit  of  fibrin.  In  aneurism  the  inner  coat  is 
diseased,  and  layers  of  fibrin  are  commonly  deposited.  So  also  in 
fatty  and  calcareous  degeneration  without  any  aneurismal  dilatation 
there  is  a  tendency  to  the  formation  of  clots. 

9.  Similar  phenomena  are  seen  in  the  case  of  serous  fluids 
which  coagulate  spontaneouslv.  If,  as  soon  after  death  as  the  body  is 
cold  and  the  fat  is  solidified,  the  pericardium  be  carefully  removed 
from  a  sheep  by  an  incision  round  the  base  of  the  heart,  the  peri- 
cardial fluid  may  be  kept  in  the  pericardial  bag  as  in  a  living  cup  for 
many  hours  without  clotting,  and  yet  a  small  portion  removed  with  a 
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pipette  clots  at  once,  and  a  thread  left  hanging  into  the  flidd  soon 
becomes  covered  with  fibrin. 

The  only  interpretation  which  embraces  these  facts  is  that  so  long 
as  a  certain  normsd  relation  between  the  lining  surfaces  of  the  blood- 
vessels and  the  blood  is  maintained,  coagulation  does  not  take  place ; 
but  when  this  relation  is  disturbed  by  the  more  or  less  gradual  death 
of  blood-vessels,  or  by  their  more  sudden  disease  or  injury,  or  by  the 
presence  of  a  foreign  body,  coagulation  sets  in.  Two  additional  points 
may  here  be  noticed.  1.  Stagnation  of  blood  favours  coagulation 
within  the  blood-vessels,  apparently  because  the  blood-vessels,  like 
other  tissues,  demand  a  renewal  of  the  blood  on  which  they  depend 
for  the  maintenance  of  their  vital  powers.  2.  The  influence  of  surface 
is  seen  even  in  the  coagulation  within  the  vessels.  In  cases  of  co- 
agulation from  gradual  death  of  the  blood-vessels,  as  in  the  case  of 
an  excised  jugular  vein,  the  fibrin,  when  its  deposition  is  sufficiently 
glow,  is  seen  to  appear  first  at  the  sides,  and  from  thence  gradually, 
frequently  in  layers,  to  make  its  way  to  the  centre.  So  in  aneurism, 
the  deposit  of  fibrin  is  frequently  laminated.  In  cases  where  coagu* 
lation  results  from  disease  of  the  lining  membrane,  the  rougher  the 
interior,  the  more  speedy  and  complete  the  clotting.  So  also  a  rough 
foreign  body,  presenting  a  large  number  of  surfaces  and  points  of 
attachment,  more  readily  produces  a  clot  when  introduced  into  the 
living  blood-vessels  than  a  perfectly  smooth  one. 

Clear  as  it  seems  to  be  that  some  vital  relation  of  blood  to  blood- 
vessel is  the  dominant  condition  affecting  coagulatioD,  it  is  by  no 
means  easy  to  state  distinctly  what  is  the  exact  nature  of  that  rela- 
tion. Some  authors*  speak  of  the  blood-vessels  as  exercising  a  re- 
straining influence  on  the  natural  tendency  of  the  blood  to  coagulate. 
Others*  regard  the  living  blood-vessel  (and  indeed  living  matter  in 
general)  as  being  wholly  inert  towards  the  fibrin-factors.  These  they 
consider  need  the  presence,  the  contact  influence  of  some  body,  in 
order  that  they  may  act  on  each  other  to  form  fibrin ;  thus  contact 
with  the  sides  of  the  vessel  into  which  blood  is  shed,  or  with  the 
surface  of  a  foreign  body  introduced  into  a  living  vessel,  is,  according 
to  them,  the  determining  cause  of  coagulation.  They,  suppose  that 
living  matter  exercises  no  such  contact  influence. 

Before  this  point  can  be  decided,  further  knowledge  is  needed  concern- 
ing the  exact  condition  of  the  fibrin-factors  in  living  blood  within  the 
body.  While  the  blood  is  flowing  uncoagulated  through  the  vessels  are  all 
the  three  fibrin-factors,  fibrinoplastin,  fibrinogen  and  ferment,  already  pre- 
sent in  plasma  ?  Or  are  they  all,  or  is  one  or  two  absent,  and  if  so  is  the 
af>pearance  of  them,  or  of  one  of  them,  in  the  plasma,  the  necessary  invisible 
forerunner  of  coagulation  %  Our  scanty  information  on  this  point  may  be 
summarized  as  follows. 

1.  In  all  spontaneously  coagulable  fluids  white  corpuscles  are  present, 
and  the  more  abundant  they  are,  the  more  pronounced  is  the  coagulation. 

^  Briioke,  op.  ciL  *  Lister,  op.  cit. 
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Thus  the  spontaneooslj  coagulating  pericardial  fluid  is  exceedingly  rich  in 
white  corpuscles,  and  the  clot  formed  seems  under  the  microscope  to  be 
almost  entirely  composed  of  them,  so  completely  do  they  hide  the  threads 
of  fibrin.  In  the  specimens  of  pericardial  and  of  hydrocele  fluid  which  do 
not  coagulate  spontaneously  white  corpuscles  are  absent^  or  at  least  scanty. 

2.  The  deposition  of  fibrin  round  a  thread  if  dipped  into  a  coagulable 
fluid  or  drawn  through  a  blood-vessel  and  left  there,  is  preceded  by  an 
accumulation  of  white  corpuscles.  These  cluster  in  greater  numbers  round 
the  thread,  and  when  the  mass  is  examined  under  the  microscope  the  cor- 
pUAclea  seem  to  serve  as  starting  points  for  the  development  of  the  threads 
of  fibrin. 

3.  In  the  experiment  of  keeping  blood  fluid  but  coagulable  in  an 
excised  jugular  vein  (of  the  horse),  it  is  observed  that  when,  as  in  course 
of  time  happens,  the  corpuscles  have  sunk  to  the  bottom  of  the  piece  of 
vein,  the  upper  layers  of  clear,  corpuscle-firee,  plasma  clot  very  feebly 
indeed  when  removed  from  the  vein,  whereas  die  lower  layers  rich  in 
corpuscles  clot  most  firmly. 

4.  When  horse's  blood  is  received  from  a  blood-vessel  into  an  ice-cold 
dilate  solution  of  chloride  of  sodium,  and  the  mixture  kept  just  short  of 
actually  freezing,  the  whole  mass  of  corpuscles  sinks  rapidly.  It  is  then 
observed  that  the  dilute  plasma  free  from  corpuscles  clots  feebly,  whereas  the 
lower  layers  of  the  same  dilute  plasma,  containing  all  the  corpuscles,  gives  an 
abundant  coagulation.  Plasma  of  horse*s  blood  may  be  diluted  with  twelve 
times  its  bulk  of  distilled  water  and  filtered,  without  coagulation  setting  in, 
provided  that  the  whole  operation  is  conducted  at  a  temperature  just  short 
of  freezing.  The  filtered  diluted  plasma,  which  is  found  to  be  exceedingly 
free  from  white  corpuscles,  these  being  left  on  the  filter,  clots  feebly ;  the 
amount  of  fibrin  it  produces  is  less  than  half  that  obtainable  from  the  same 
dilated  plasma  unfiltered  ^ 

These  facts  point  very  decidedly  to  the  conclusion  that  the  white  cor- 
puscles have  some  share  in  bringing  about  coagulation;  they  moreover 
suggest  that  one  or  more  of  the  fibrin-factors  have  their  source  in  the  white 
corpuscles,  and  that  coagulation  is  due  to  the  passage  of  these  elements  from 
the  body  of  the  corpuscle  into  the  plasma.  The  latter  view  is  corroborated 
by  the  following  facts. 

5.  In  defibrinated  blood  or  blood-serum  a  certain  amount  of  fibrin- 
ferment  is  present.  If  however  blood  be  treated  with  alcohol  immediately  on 
leaving  the  blood-vessels,  very  little  ferment  indeed  is  found  to  be  present. 
The  quantity  is  found  to  increase  from  the  moment  of  leaving  the  vessels 
to  the  onset  of  coagulation.  The  fibrin-ferment  therefore  is  developed 
from  some  part  of  the  blood.  If  horse's  blood  be  kept  at  freezing  tem[)0- 
rature,  the  formation  of  ferment  is  arrested.  If  after  the  corpuscles  have 
sunk  the  undermost  layers  of  the  blood,  containing  almost  exclusively  red 
corpuscles,  be  removed,  little  or  no  ferment  can  be  obtained  from  this  portion, 
either  when  examined  immediately,  or  after  being  allowed  to  clot  at  an 
ordinary  temi)erature.  In  a  portion  taken  from  the  upix^r  layers  (colourless 
plasma)  of  the  same  blood,  while  there  is  little  or  no  ferment  present  before 
the  coagulation  of  the  specimen,  there  is  abundance  afterwards.      If  a 

^  A.  Sohmidt,  op.  ciU 
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Biniilar  portion  of  the  same  colourless  plasma  be  filtered  in  the  cold,  the 
filtrate,  which  is  nearly  free  from  white  corpuscles,  is  very  poor  in  ferment 
both  before  and  after  the  feeble  and  slow  coagulation  which  the  fluid 
undei^^oes ;  the  material  on  the  filter,  consisting  almost  entirely  of  white 
corpuscles,  is  Tery  rich  in  ferment  These  facts  seem  to  shew  that  the 
fibrin-ferment  which  is  present  in  blood-serum  has  its  souioe^  not  in  the  red 
but  in  the  white  corpuscles,  and  that  the  passage  of  the  ferment  from  the 
white  corpuscle  into  the  plasma  is  a  precursor  of  coagulation. 

6.  The  coagulation  of  filtered  diluted  plasma  has  been  said  to  be  both 
feeble  and  slow.  The  tardiness  of  the  coagulation  is  due  to  the  paucity  of 
ferment ;  the  feebleness,  i,  e,  the  small  quantity  of  fibrin  produced,  must  be 
due  to  the  scantiness  of  one  or  both  of  the  fibrin-factors.  On  adding  fibrino- 
plastin  the  quantity  of  fibrin  produced  is  the  same  as  that  given  by  the 
same  quantity  of  unfiltered  plasma.  The  filtered  plasma  is  therefore  defi- 
cient in  fibriuoplastin.  The  material  left  on  the  filter  is  rich  in  fibrino- 
plastin.  The  inference  which  A.  Schmidt  draws  from  these  &ct.s,  is  that 
fibrinoplastin,  like  the  fibrin-ferment,  has  its  origin  in  the  white  corpusdeBy 
but  that  fibrinogen  is  a  normal  constituent  of  the  plasma. 

7.  If  a  drop  of  horse's  plasma  kept  from  coagulating  by  cold  be 
examined  under  the  microscope,  it  will  be  found  to  contain  a  large  number 
of  white  corpuscles  mixed  with  which  are  corpuscles  of  an  intermediate 
character  between  white  and  red,  i,  e.  nucleated  cells  whose  protoplasm  is 
loaded  with  coloured  haemoglobin  granules.  As  the  drop  is  watched,  a  large 
number  of  the  white  corpuscles  and  all  the  intermediate  forms  are  seen 
to  break  up  into  a  granular  detritas.  This  breaking  up  of  the  white  cor- 
puscles is  the  precursor  of  coagulation,  the  threads  of  fibrin  seeming  to  start 
from  the  remains  of  the  corpuscles.  Putting  all  these  facts  together,  Schmidt 
concludes  that  when  blood  is  shed,  a  number  of  white  and  intermediate 
corpuscles  fall  to  pieces,  by  which  act  a  quantity  of  fibrin-ferment  and  of 
fibrinoplastin  is  discharged  into  the  plasma.  These  meeting  there  with  the 
already  present  fibrinogen  give  rise  to  fibrin,  and  coagulation  results.  In 
other  mammals  coagulation  even  at  low  temperatures  is  too  rapid  to  penuit 
of  the  changes  in  the  corpuscles  being  watched  as  satisfactorily  as  in  the 
horse,  but  even  in  these  evidences  of  the  existence  of  intermediate  forms 
may  be  met  with. 

This  view  excludes  the  red  corpuscles,  as  far  as  mammals  are  concerned, 
from  any  direct  share  in  coagulation.  Whether  this  ultimately  prove  to 
be  correct  or  not,  there  are  facts  which  shew  that  the  nucleated  red  cor- 
puscles of  other  vertebrates,  which  it  must  be  remembered  are  the  homo- 
logues  of  the  intermediate  forms,  have  a  much  clearer  connection  with  the 
process.  K  the  defibrinated  blood  of  the  frog  or  the  bird  be  allowed  to 
stand  until  the  corpuscles  have  subsided,  the  latter,  separated  as  much  as 
possible  from  the  serum,  and  treated  with  a  considerable  quantity  of 
distilled  water,  yield  a  filtrate  which  coagulates  spontaneously.  That  is  to 
say,  the  water  breaks  up  the  red  corpuscles  and  sets  free  a  quantity  of. 
fibrin-factors  which  otherwise  would  have  remained  latent.  The  amount 
of  fibrin  thus  obtained  may  be  considerably  greater  than  the  quantity 
originally  appearing  in  the  blood.  It  is  worthy  of  notice,  that  in  this  case 
the  corpuscle  is  the  source,  not  only  of  the  fibrin-ferment  and  fibrinoplastin, 
but  also  of  the  fibrinogen. 
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Aooe{iting  this  view  as  approximately  correct,  the  coagnlation  of  shed 
blood  may  be  referred  to  the  circurostiajLce,  that  even  the  comparatively 
slight  changes  which  must  take  place  in  the  blood  on  its  leaving  the 
Tessels  are  sufficient  to  entail  the  death,  and  so  the  breaking  up,  of  a 
number  of  the  delicate  white  corpuscles.  The  formation  of  clots  within  the 
body  is  not  so  easy  to  explain.  We  are  driven  in  these  cases  to  suppoHe 
that  ii\jared  and  diseased  spots  or  foreign  bodies  first  attract,  and  then,  as 
it  were  by  irritation,  cause  the  death  of  a  certain  number  of  corpuscles. 

But  in  any  case,  if  this  view  be  admitted,  it  mnst  also  be  granted  that 
the  blood-vessels  do  in  some  manner  or  other  exercise  a  restraining  influence 
on  the  formation  of  fibrin.  For  many  of  these  corpuscles  must,  in  the 
natural  course  of  events,  die  and  bres^  up  in  the  blood-stream,  without 
causing  coagulation.  Farther,  defibrinated  blood  contains  both  fibrin- 
ferment  and  fibrinoplastin ;  it  ought,  therefore,  when  injected  into  the 
Tessels  which  already  in  the  natural  blood  contain  fibrinogen,  to  occasion  a 
rapid  and  speedy  general  coagnlation.  This  it  does  not.  The  coagulations 
which  occur  after  transfusion  of  defibrinated  blood  are  partial  and  uncertain. 
We  might  infer  from  this  that  the  system  has  some  power  of  rapidly  either 
destroying  ferment  or  changing  the  properties  of  fibrinoplastin.  In  support 
of  this  it  has  been  stated,  that  a  quantity  of  fibrin-feinnent  injected  into 
the  flystem  may  be  detected  in  the  blood  immediately  afterwards  (and  is 
present  then  without  causing  coagulation),  but  speedily  disappears.  The 
lots  of  spontaneous  coagulabSity  in  pericardial  fluid  might  be  attributed  to 
an  escape  by  migration  of  the  white  corpuBcles  away  from  the  pericardial 
cavity,  out  this  is  inconsistent  with  the  fact  that  in  the  majority  of  cases 
the  ferment  alone  disappears  while  the  fibrinoplastin  remains.  According 
to  the  &cts  given  above,  the  white  corpuscles  in  escaping  would  carry  away 
both  ferment  and  fibrinoplastin,  leaving  the  fibrinogen  alone.  Lastly,  we 
ahould  remember  that  all  die  above,  even  if  correct,  is  only  an  approximative 
solution.  The  coagulation  of  muscle-plasma  is  a  coagulation  in  which  white 
corpuscles  cannot  serve  as  Dei  ex  machina ;  moreover,  as  we  shall  see  later 
on,  the  rigor  mortis  of  the  white  corpuscle  itself  is  a  coagulation ;  and  for 
this  its  own  subsequent  disintegration  cannot  be  regarded  as  an  adequate 
cause. 

Sec.  3.    The  History  of  the  Corpuscles. 

In  the  living  body  red  blood-corpuscles  are  continually  being 
destroyed,  and  new  ones  as  continually  being  produced.  The  proofs  of 
this  are, 

1.  The  number  of  the  red  corpuscles  in  the  blood  at  any  given 
time  (as  determined  by  the  examination  of  a  drop  of  blood)  varies 
much.  After  a  very  large  reduction  of  the  total  number  of  red 
corpuscles,  as  by  haemorrhage  or  disease  (anaemia),  the  normal  pro- 
portion may  be  regained  even  within  a  very  short  time. 

2.  There  are  reasons  for  thinking  that  the  urinary  and  bile- 
pigments  are  derivatives  of  haemoglobin.  If  this  be  so,  an  immense 
number  of  corpuscles  must  be  destroyed  daily  (and  replaced  by  new 
ones)  in  order  to  give  rise  to  the  amount  of  urinary  and  bile-pigment 
discharged  daily  from  the  body. 

3.  When  the  blood  of  one  animal  is  injected  into  the  vessels  of 
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another  (ex,  gr.  that  of  a  bird  into  a  mammal),  the  corpuscles  of  the 
first  may  for  some  time  be  recognised  in  blood  taken  from  the  second; 
but  eventually  they  wholly  disappear.  This  of  course  is  no  strong 
evidence,  since  the  destruction  of  foreign  corpuscles  might  take  place 
even  though  the  proper  ones  had  a  permanent  existence. 

Origin  of  the  Red  Corpuscles. 
In  the  embryo  red  corpuscles  are  produced, 

1.  From  metamorphosis  of  certain  mesoblastic  cells  in  the 
vascular  area. 

2.  By  division  of  the  corpuscles  thus  formed. 

3.  In  a  somewhat  later  stage,  by  the  transformation  of  nucleated 
white  corpuscles,  which  probably  arise  in  the  liver  and  spleen,  and 
pass  thence  into  the  blood.  The  cell-substance  becomes  impregnated 
with  hsBmoglobin,  and  the  nucleus  breaks  up  and  disappears. 

4.  By  the  direct  transformation  of  the  protoplasm  of  undifferentiated 
connective-tissue  corpuscles^,  the  red  corpuscle  appearing  first  as  a  minute 
speck  in  the  protoplasmic  cell-substance,  and  subsequently  enlaiging  very 
much  after  the  fashion  of  an  oil-globule. 

In  fhe  adult,  division  of  existing  corpuscles  is  at  least  exceed- 
ingly rare,  if  it  occurs  at  all.  In  the  spleen-pulp  small  nucleated 
coloured  corpuscles  have  been  observed  similar  to  those  met  with  in 
the  embryo;  transitional  forms,  shewing  the  presence  of  haemoglobin 
in  the  cell-substance  and  degeneration  of  the  nucleus,  have  been  seen. 
In  the  wide  capillaries  of  the  red  medulla  of  bones  similar  transi- 
tional forms  have  been  observed,  and  they  have  also  been  noticed 
in  circulating  blood. 

According  to  Alex.  Schmidt',  in  living  unchanged  blood  these  forms  axe 
abundant;  they  break  up  and  disappeai*,  however,  immediately  that  the 
blood  is  shed,  unless  special  precautions  (application  of  cold  <fec.)  be  used. 

From  these  several  facts  it  is  concluded  that  the  red  corpuscles 
take  origin  from  colourless  nucleated  corpuscles  similar  to,  if  not 
identical  with,  the  ordinary  white  corpuscles  of  the  blood. 

In  the  case  of  animals  with  nucleated  red  corpuscles  the  change  conflasts 
chiefly  in  a  transformation  of  the  native  protoplasm  of  the  white  oorpuscle 
into  hiemoglobin  and  stroma.  In  the  case  of  animals  with  non-nucdeated 
red  corpuscles,  most  observers*  agree  in  the  opinion  that  the  nucleus  of  the 
white  corpuscle  breaks  up  and  disappears,  so  that  the  red  corpuscle  repre- 
sents only  the  modified  cell-substance  of  its  progenitor.  Wharton  Jones^ 
supported  by  Huxley,  resting  chiefly  on  the  parallelism  in  size  and  form 
between  the  nuclei  of  the  white  corpuscles  and  the  entire  red  corpuscles  in 
different  orders  and  families  of  mammals,  coiicludes  that  the  latter  is  in 
realitv  the  naked  coloured  nucleus  of  the  former. 

Origin  of  the  White  Corpuscles. 
That  the  white  corpuscles  are  continually  being  removed  is  evi- 

^  Schifer,  Proc.  Roy.  Soc,  zxii.  S43.      >  Op.  ciU      *  Xeilliker,  Neamann,  Sehmidt. 


Chap,  l]  BLOOD.  29 

dent  from  the  fact  that  they  vary  extremely  in  nninher  at  different 
times  and  under  various  circumstances.  They  are  very  largely 
increased  bv  taking  food.  Thus  during  fasting  they  may  be  seen  in 
a  drop  of  Uood  to  bear  to  the  red  the  proportion  of  1  in  800  or  1000. 
After  a  meal  this  proportion  rises  to  1  in  300  or  400. 

The  fact  that  in  the  lymphatic  glands,  follicles  and  other  adenoid  stiaio- 
tnres^  oorptiscleSy  similar  to  if  not  identical  with  white  blood-corpuscles,  are 
to  be  seen  of  very  various  sizes  and  with  diyiding  nuclei,  suggests  that 
Uiese  organs  are  the  birth-places  of  the  white  corpuscles.  The  lymph  is 
continually  pouring  into  the  blood  a  crowd  of  white  corpuscles,  which  for 
the  most  part  make  their  appearance  in  the  lymph-vessels  after  the  latter 
have  traversed  the  lymphatic  glands.  And  this  view  is  further  supported 
by  the  ^bji:^  that  in  the  disease  Leuch^mia,  where  the  white  corpuscles  are 
■o  abundant  as  to  number  as  much  as  1  to  10  red,  the  spleen,  the  lymphatic 
^Uuids,  and  other  forms  of  adenoid  tissue,  are  enlarged.  (The  phenomena 
are  however  capable  of  a  converse  interpretation,  viz.  that  the  white  cor- 
poades,  &iling  to  become  converted  into  red  corpuscles,  are  crowded  into 
the  lymphatic  organs.) 

At  the  same  time  it  is  open  for  us  to  suppose  that  any  proliferating  tissue 
may  give  rise  to  new  corpuscles;  and  Klein*  states  that  he  has  seen  them 
budded  off  from  the  reticulum  of  the  spleen.  The  white  corpuscles  have 
also  been  observed  to  divide'. 

We  may  conclude  therefore  that  the  white  corpuscles  probably 
arise,  chiefly  by  division,  from  the  leucocytes  of  adenoid  tissue,  but 
that  other  sources  may  exist. 

Fate  of  the  White  Corpuscles. 

As  we  have  seen,  it  is  extremely  probable  that  a  large  number 
of  the  white  corpuscles  end  by  giving  birth  to  red  corpuscles.  We 
know  that  in  an  inflamed  area  the  white  corpuscles  migrate  in  large 
numbers  into  the  extravascular  elements  of  the  tissues,  and  there 
are  reasons  for  thinking  that  the  new  structures  which  make  their 
appearance  as  the  result  of  inflammation  may  arise  in  part  at  least 
from  such  migratory  corpuscles.  But  the  question  to  what  extent 
this  takes  place,  and  how  far  the  white  corpuscles  are  concerned  in 
tissue  regeneration,  is  too  unsettled  and  too  long  a  matter  to  be 
discussed  here. 

Fate  of  the  Red  Corpuscles. 

In  the  spleen  we  find,  as  Eolliker  pointed  out  a  long  time  ago, 
large  protoplasmic  cells  in  which  are  included  a  number  of  red  cor- 
puscles: and  these  red  corpuscles  may  be  observed  in  various  stages 
of  apparent  disintegration.  It  is  probable  therefore  that  the  spleen 
is  the  grave  of  many  of  the  red  corpuscles.  Since  serum  of  fresh 
blood  contains  no  dissolved  haemoglobin,  it  is  clear  that  the  haemo- 
globin of  the  broken-up  corpuscles  must  speedily  be  transformed 
mto  some  other  body.    Into  what  other  body?    In  old  blood-clots 

1  q.  J.  Microi.  8ci.  xr.  (1S75)  p.  870«  *  Klein,  Hdb.  Phyt.  Lab.  p.  8« 
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(as  in  those  of  cerebral  haemorrhage)  there  are  frequently  found 
minute  crystals  of  a  body  which  has  received  the  name  HioBmataidin. 
There  can  be  no  doubt  that  the  haematoidin  of  these  clots  is  a  deri- 
vative from  the  haemoglobin  of  the  escaped  blood.  We  know'  that 
haemoglobin  contains  a  residue  of  haematin.  We  know  further  that 
haematin  may  lose  its  iron  (which  appears  to  be  loosely  attached), 
and  yet  remain  a  coloured  body.  So  that  there  is  no  difficulty  in 
the  passage  from  the  proteid-and-iron  containing  haemoglobin  to  the 
proteid-and-iron  free  haematoidin.  But  haematoidin,  not  only  in 
the  form  and  appearance  of  its  crystals,  but  also,  as  far  as  can  be 
ascertained,  by  the  analysis  of  the  small  quantities  at  disposal,  in  its 
chemical  composition  is  identical  with  bilirubin,  the  primary  pigment 
of  bile.  Moreover,  the  injection  of  haemoglobin,  or  of  dissolved  red 
corpuscles,  into  the  vessels  of  a  living  animal,  gives  rise  to  a  large 
amount  of  bile-pigment  in  the  urine,  and  at  the  same  time  increases 
enormously  the  relative  quantity  of  bilirubin  in  the  bile.  Thus 
though  no  one  has  yet  succeeded  in  producing  bilirubin  artificially 
from  haemoglobin,  facts  point  very  strongly  to  the  view  that  the  red 
corpuscles  are  used  up  to  supply  bile-pigment 

It  must  be  added  however  that,  according  to  Preyer',  the  spectra 
of  hjematoidin  and  bilirubin  are  quite  distinct,  and  that  many  observers 
have  fidled  to  obtain  bile-pigment  in  the  urine  as  the  result  of  injection  of  a 
solution  of  haemoglobin.  Blood-clots  frequently  contain,  besides  or  in  place 
of  haematoidin,  a  yellow  substance  named  ItUein,  which  is  certainly  distinct 
from  bilirubin.  Lutein  is  the  substance  which  gives  to  corporea  lutea  their 
characteristic  colour.  Our  knowledge  of  urinary  pigments  is  so  imperfect 
that  little  can  be  said  as  to  their  relation  to  haemoglobin.  We  cannot  at 
present  definitely  trace  the  normal  urinary  pigment  back  to  haemoglobin, 
however  probable  such  a  source  may  seem ;  but  Jafil§  finds  in  many  urines, 
especially  those  of  fever-patients,  a  body  called  urobilin,  identical  with  hydro- 
bilirubin  obtained  from  bilirubin  by  reduction  with  sodium  amalgam'. 

Sec.  4.    The  Quantity  of  Blood,  and  ns  distribution  in 

THE  Body. 

The  total  quantity  of  blood  present  in  an  animal  body  is  esti- 
mated in  the  following  way.  As  much  blood  as  possible  is  allowed 
to  escape  from  the  vessels;  this  is  measured  directly.  The  vessels 
are  then  washed  out  with  water  or  normal  saline  solution,  and  the 
washings  carefully  collected,  mixed  and  measured.  A  known  quantity 
of  blood  is  diluted  with  water  or  normal  saline  solution  until  it 
possesses  the  same  tint  as  a  measured  specimen  of  the  washings. 
This  gives  the  amount  of  blood  (or  rather  of  haemoglobin)  in  the 
measured  specimen,  from  which  the  total  quantity  in  the  whole 
washings  is  calculated.  Lastly,  the  whole  body  is  carefully  minced 
and  washed  free  from  blood.    The  washings  are  collected  and  filtered, 

1  See  Chapter  on  Changes  of  Blood  in  Respiration. 
*"  Die  Blut'Kryitalle,  ^  Cf.  Licbcrmonn,  Pfliiger's  Archiv,  zi.  p.  181,  * 
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and  the  amount  of  blood  in  them  estimated  as  before  by  comparison 
with  a  specimen  of  diluted  blood.  The  quantity  of  blood  in  the 
two  washings,  together  with  the  escaped  blood,  gives  the  total  quantity 
of  blood  in  the  body.  Estimated  in  this  way,  the  total  quantity  of 
blood  in  the  human  body  may  be  said  to  be  about  -j^th  of  the 
body-weight. 

There  are  sereral  sources  of  error  in  the  above  method.  One  is  that 
Tenous  blood  has  less  colouring  power  than  arterial  blood.  This  has  been 
met  by  Gscheidlen  by  poisoning  the  animal  with  carbonic  oxide,  by  which 
all  the  hfemoglobin  is  reduced  to  one  state,  and  therefore  has  throughout  the 
same  colouring  power.  The  quantity  of  hsemoglobin  in  the  muscular  fibre 
itwlf  is  a  source  of  error,  but  probably  a  very  slight  ona  The  difficulty  of 
getting  a  clear  infusion  of  the  minced  tissues  is  more  serious.  According  to 
Kanke^  the  total  blood  in  the  body  of  a  rabbit  amounts  to  ^^  of  the  body- 
weight,  in  a  dog  to  j^^,  in  a  cat  to  ^^j,  in  a  frog  to  y^ 

The  blood"  is  distributed  as  follows  in  round  numbers: — 

About  one-fourth  in  the  heart,  lungs,  large  arteries  and  veins, 

liver, 

skeletal  muscles, 
other  organs. 


ft 


»» 


99 


» 


99 


99 


Since  in  the  heart  and  great  blood-vessels  the  blood 
transit,  without  undergoing  any  great  changes  (and  in 
far  as  we  know,  the  changes  are  limited  to  respiratory 
follows  that  the  changes  which  take  place  in  passing 
liver  and  skeletal  muscles  far  exceed  those  which  take 
rest  of  the  body. 


is  simply  in 
the  lungs,  as 
changes),  it 
through  the 
place  in  the 


Banke  found  the  distribution  to  be  as  follows. 

In  the  Viscera. 

Per  cent,  of        Per  cent,  of 
Total  Blood.    Organ  Weight. 

xj  ,K;f    (Living.  634  180 

^^^^^  (DeadandRigid.    61-23  206 

Dog.  690  240 


In  the  Carcase. 

Per  cent,  of  Per  cent,  of 

Total  Blood.  Organ  Weight. 

36-6  2-7 

38-77  2-7 

41-0  3-4 


In  the  various  organs  of  the  rabbit, 
Per  cent,  of  Total  Blood. 


Spleeu 

Brain  and  Cord  .     . 

-23 
1-24 

Kidneys    .... 
Bkin 

1-63 
210 

Intestines  .... 

6-30 

Bones  dca  .     .     .     . 

8-24 

Hearty  Luugs,  Great 
Blood-vesHels 

22-76 

Skeletal  Miucles 

29-20 

Liver    

29-30 

^  Blut'Vertheilung,  1871. 


Per  cent,  of  Orpnii  Weight. 

Skin 1-07 

Bones  .  .  .  .  2*36 
Al.  Canal  .  .  .  346 
Miiscles  ....  5*14 
Brain  and  Coni     .       5*52 

Kidney  .     .     .     .  11 -86 

Spleen     .     .     .     .  12-50 

Liver  .  .  .  .  28  71 
(Heart,  Lunga,  and 

Great  Vessels    .  C3-11). 

•  *  Banke,  op.  xit. 
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THE  CONTRACTTLE  TISSUES. 

The  tissues  of  the  body  eminently  endowed  with  contractility,  the 
tissoes  whose  primary  reason  of  existence  lies  in  their  contractility, 
are  the  ordinary  striated  muscles,  the  cardiac  muscles,  the  plain  un- 
striated  muscles,  the  ciliated  cells,  spermatozoa  and  the  migrating  cells. 
Of  these  the  striated  muscles,  on  account  of  the  more  complete  de- 
velopment of  their  functions,  are  better  studied  first;  the  others,  on 
account  of  their  very  simplicity,  are  in  many  respects  less  satisbc- 
torily  understood. 

All  the  ordinary  striated  muscles  are  connected  with  nerves.  We 
have  no  reason  for  thinking  that  their  contractility  is  called  into  play, 
under  normal  conditions,  otherwise  than  by  the  agency  of  nerves. 
Indeed  a  nerve-fibre  may  in  part  be  r^arded  as  a  continuation  of 
the  muscular  fibre  with  which  it  is  connected  by  an  end-plate.  In 
Hydra  the  muscular  fibre  is  but  an  eminently  contractile  process  of 
an  ectoderm  cell,  in  Beroe  the  muscle-fibre  thins  out  into  a  nerve- 
fibre  which  serves  as  a  means  of  communication  between  the  iso- 
lated contractile  process,  now  an  independent  musde-fibre,  and  tiie 
body  of  the  ectoderm  ceU.  Both  nerve,  and,  as  will  be  hereafter 
shewn,  muscle  are  irritable;  but  the  muscle  only  is  contractile.  A 
stimulus  applied  to  a  nerve  sets  up  disturbances  which  are  propa- 
gated on  to  the  muscle;  but  it  is  only  the  muscle  in  which  the  dis- 
turbances manifest  (themselves  by  a  contraction.  Neither  striated 
muscle  nor  nerve-fibres  distributed  to  muscles  possess  any  distinct 
automatism.  Spontaneous  disturbances  in  either  are  at  l^ast  rare  if 
they  occur  at  alt  The  two  being  thus  so  closely  allied  and  in  many 
points  so  similar,  it  will  conduce  to  clearness  and  brevity  if  "we  treat 
them  together. 

Sec.  1.     The  Chemical  Substances  coMPOsiNa  or  present  in 

Muscle. 

In  a  muscle  from  the  vessels  of  which  the  blood  has  been  care- 
fully washed,  by  the  injection  of  dilute  saline  solution,  there  will  still 
be  left  a  Quantity  of  lymph  surrounding  the  elementary  fibres.  The 
quantity  however  is  under  ordinary  circumstances  so  small  that  it 
may  be  practically  neglected. 
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If  a  dead  muscle,  from  which  all  fat,  tendon,  fascia,  and  con- 
nective tissue  have  been  as  much  as  possible  removed,  and  which  has 
been  freed  from  blood  by  the  injection  of  saline  solution,  be  minced 
and  repeatedly  washed  with  water,  the  washings  will  contain  certain 
forms  of  albumin  and  certain  extractive  bodies,  of  which  we  shall 
speak  directly.  When  the  washing  has  been  continued  until  the 
wash-water  gives  no  proteid  reaction,  a  large  portion  of  muscle  will 
still  remain  undissolved.  If  this  be  treated  with  a  10  p.  a  solution 
of  sodium  chloride,  a  large  portion  of  it  will  become  imperfectly  dis- 
solved into  a  viscid  fluid  which  filters  with  difficulty.  If  the  viscid 
filtrate  be  allowed  to  fall  drop  by  drop  into  a  large  quantity  of 
distilled  water,  a  white  flocculent  matter  will  be  precipitated.  This 
flocculent  precipitate  is  myosin.  It  is  a  proteid,  giving  the  ordinary 
proteid  reactions,  and  having  the  same  general  elementary  composi- 
tion as  other  proteids.  It  is  soluble  in  dilute  saline  solutions,  espe- 
cially those  of  sodium  chloride,  and  may  be  classed  in  the  globulin 
family,  though  it  is  not  so  soluble  as  nbrinoplastic  globulin.  Dis- 
solved in  sidine  solutions  it  readily  coagulates  when  heated,  is  pre- 
cipitated and  after  long  action  coagulated  by  alcohol,  and  is  pre- 
cipitated by  an  excess  of  the  sodium  chloriae.  By  the  action  of 
dilute  acids  it  is  veiy  readily  converted  into  syntonin  or  acid-albumin, 
by  the  action  of  dilute  alkalis  into  alkali-albumin.  Speakine 
generally  it  may  be  said  to  be  intermediate  between  fibrin  and 
globulin.  On  keeping,  and  especially  on  drying,  its  solubility  is  much 
diminished. 

Of  the  substances  which  are  left  in  muscle  from  which  the 
myosin  has  thus  been  extracted  by  sodium  chloride  solution  little 
is  known.  If  washed  muscle  be  treated  directly  with  dilute  hydro- 
chloric acid,  the  greater  part  of  the  material  of  the  muscle  passes  at 
once  into  syntonin.  The  quantity  of  syntonin  thus  obtainea  may  be 
taken  as  representing  the  quantity  of  myosin  previously  existing  in 
the  muscle.  The  portion  insoluble  in  dilute  hydrochloric  acid  con- 
sists partly  of  the  substance  of  the  sarcolemma,  of  the  nuclei,  and 
of  the  tissue  between  the  bundles  and  partly  of  elements  (?sarcou8 
elements,  muscle-rods)  of  the  fibres  themselves. 

If  living  contractile  firog's  mnsdei  freed  as  before  as  much  as 
possible  from  blood,  be  frozen  S  and  while  frozen,  minced,  and  rubbed 
up  in  a  mortar  with  four  times  its  weight  of  snow  containing  1  p.  c. 
of  sodium  chloride,  a  mixture  is  obtamed  which  at  a  temperature 
below  0  C.  is  sufficiently  fluid  to  be  filtered,  though  with  difficulty. 
The  slightly  opalescent  filtrate,  or  muscle-plasma  as  it  is  called,  is  at 
first  quite  fluid,  but  will,  when  exposed  to  the  ordinary  temperature 
become  a  solid  jelly,  and  afterwards  separate  into  a  clot  and  serum. 
It  will  in  fact  coagulate  like  blood-plasma,  with  this  difference,  that 
the  clot  is  not  firm  and  fibrillar,  but  loose,  granular  and  flocculent. 

1  Since,  m  we  shall  presently  see,  a  mnscle  may  be  frozen  and  thawed  again  withont 
losing  any  of  its  vital  powers,  we  are  at  liberty  to  regard  the  frozen  mnscle  as  a  still 
living  mosele. 

F.P.  ^ 
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During  the  coagulation  the  fluid,  which  before  was  neutral  or  slightly 
alkaline,  becomes  distinctly  acid. 

The  clot  is  myosin.  It  gives  all  the  reactions  of  myosin  obtained 
from  dead  muscle. 

The  serum  contains  albumin  and  extractives. 

Besides  ordinary  serum-albumin  coagulating  at  75^,  Kiilme'  (to  whom 
we  owe  our  knowledge  of  the  above)  found  a  peculiar  form  coagulating  at 
45^,  its  appearance  being  probably  connected  with  the  salts  present  in  the 
serum,  (see  Appendix) ;  edkali-albumin  is  also  present,  as  is  probably  also  a 
small  quantity  of  globulin.  Such  muscles  as  are  red  also  contain  a  small 
quantity  of  haemoglobin,  to  which  indeed  their  redness  is  due. 

Thus  while  dead  muscle  contains  myosin,  serum-albumin,  and 
extractives  with  certain  insoluble  matters  and  certain  gelatinous 
elements  not  referable  to  the  muscle-substance  itself,  living  muscle 
contains  no  myosin,  but  some  substance  or  substances  which  bear 
somewhat  the  same  relation  to  myosin  that  fibrinogen  and  fibrino- 
plastin  do  to  fibrin,  and  which  become  myosin  on  the  death  of  the 
muscle. 

Fats  are  present  in  considerable  quantities,  and  the  extractives 
are  varied  and  numerous.  The  most  important  are  kreatin,  sarco- 
lactic  or  paralactic  acid  (a  variety  of  lactic  acid,  differing  from  it 
chiefly  in  the  solubility  of  its  salts,  and  in  the  amount  of  water  of 
crystallization  contained  in  them),  and  sugar.  To  these  may  be  added 
xanthin,  hypoxanthin,  (sarkin)  inosit,  (especially  in  the  cardiac 
muscles),  inosinic  acid  and  traces  of  uric  acid.  Except  in  patho- 
logical conditions  (and  in  the  plagiostome  fishes)  urea  is  conspicuous 
by  its  absence.  In  Hving  muscle  glycogen  is  frequently  present,  and 
is  at  the  death  of  the  muscle  transformed  into  sugar.  Dextrin  has 
also  been  found;  and  a  special  fermentable  muscle-sugar  has  been 
described.  It  has  been  much  debated  whether  kreatin  or  kreatinin, 
or  both,  are  present  in  muscle;  the  evidence  goes  to  shew  that 
kreatin  alone  is  present. 

The  ashes  of  muscle,  like  those  of  the  red  corpuscles,  are  cha- 
racterized by  the  preponderance  of  potassium  salts  and  of  phosphates ; 
these  form  in  fact  nearly  80  p.c.  of  the  whole  ash. 

The  general  composition  of  human  muscle  is  shewn  in  the  follow- 
ing table  of  V.  Bibra. 

W  CvvcL         ...  ...  ...  ...  «..  ...  f  ^'Ji  Q 

SoUds 

Myosin  and  other  matters,  elastic  ele- 
ments, &c.,  insoluble  in  water      ...  155*4 

Soluble  albumin         19*3 

Gelatin           ...         ...         ...         ...  20*7 

Extractives     ...         ...         ...         ...  371 

J?  avS     •••          ...          ...          ...          ...  ibv'vf 

255-5 

^  Protoj^Uumaf  Leipzig,  1864. 
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Sec.  2.    The  Phenomena  of  Muscle  and  Nerve. 

If  the  trunk  of  a  nerve  be  pinched,  or  subjected  to  sudden  heat, 
or  dipped  in  certain  chemical  substances,  or  acted  upon  by  various 
galvamc  currents,  movements  or  contractions  are  seen  in  the  muscles 
to  which  branches  of  the  nerve  are  distributed  The  substances  or 
agents  which  thus  cause  contractions  are  called  '  stimuli.' 

The  stimuli  may  be  applied  directly  to  the  muscle.  The  muscle 
itself  may  be  pinched,  or  subjected' to  galvanic  currents,  &a ;  in  this 
case  also  contractions  are  produced.  It  might  be  supposed  that  the 
contractions  so  produced  are  in  reality  due  to  the  fact  that,  although 
the  stimulus  is  apparently  applied  directly  to  the  muscle,  it  is,  after 
all,  the  fine  nerve-branches,  so  abundant  in  the  muscle,  which  are 
actually  stimulated.  The  following  facts  however  go  far  to  prove 
that  the  muscular  fibres  themselves  are  capable  of  being  directly 
stimulated  without  the  intervention  of  any  nerves.  When  a  frog 
(or  other  animal)  is  poisoned  with  urari,  the  nerves  may  be  sub- 
jected to  the  strongest  stimuli  without  causing  any  contractions  in 
the  muscles  to  whicn  they  are  distributed :  yet  even  ordinary  stimuli 
applied  directly  to  the  muscle  readily  cause  contractions.  If  before 
introducing  the  urari  into  the  system,  a  ligature  be  passed  under- 
neath the  sciatic  nerve  in  one  leg,  for  instance  the  right,  and  drawn 
tightly  round  the  whole  leg  to  the  exclusion  of  the  nerve,  it  is 
evident  that  the  urari,  when  injected  into  the  back  of  the  animal, 
will  gfun  access  to  the  right  sciatic  nerve  above  the  ligature,  but 
not  below,  while  it  will  have  free  access  to  the  whole  left  sciatic.  If, 
as  soon  as  the  urari  has  taken  effect,  the  two  sciatic  nerves  be 
stimulated,  no  movement  of  the  left  leg  will  be  produced  by  stimu- 
lating the  left  sciatic,  whereas  strong  contractions  of  the  muscles  of 
the  nght  leg  below  the  ligature  will  follow  stimulation  of  the  right 
sciatic,  whether  the  nerve  be  stimulated  above  or  below  the  ligature. 
Now  since  the  upper  parts  of  both  sciatics  are  equally  expired  to 
the  action  of  the  poison,  it  is  clear  that  the  failure  of  the  left  nerve 
to  cause  contraction  is  not  attributable  to  any  change  having  taken 
place  in  the  upper  portion  of  the  nerve,  else  why  should  not  the 
right,  which  has  in  its  upper  portion  been  equally  exposed  to  the 
action  of  the  poison,  also  fail  ?  Evidently  the  poison  acts  on  some 
parts  of  the  nerve  lower  down.  If  a  single  muscle  be  removed  from 
the  circidation  (by  ligaturing  its  blood-vessels),  previous  to  the 
poisoning  with  urari,  that  muscle  will  contract  when  any  part  of  the 
nerve  gomg  to  it  is  stimulated,  though  no  other  muscle  in  the  body 
will  contract  when  its  nerve  is  stimulated.  Here  the  whole  nerve 
right  down  to  the  muscle  has  been  exposed  to  the  action  of  the 
poison ;  and  yet  it  has  lost  none  of  its  power  over  the  muscle.  On 
the  other  hand,  if  the  muscle  be  allowea  to  remain  in  the  body,  and 
80  be  exposed  to  the  action  of  the  poison,  but  the  nerve  be  cut  out 
high  up  and  gently  removed  from  the  body,  except  where  it 
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attached  to  the  muscle,  so  as  to  be  taken  away  from  the  influence  of 
the  poison,  stimulation- of  the  nerve  produces  no  contractions  in  the 
muscle,  though  stimuli  applied  directly  to  the  muscle  at  once  cause 
it  to  contract.  From  these  facts  it  is  clear  that  urari  poisons  the 
ends  of  the  nerve  within  the  muscle  long  before  it  aflfects  the  trunk, 
and  it  is  exceedingly  probable  that  it  is  the  very  extreme  ends  of  the 
nerves  (possibly  the  end  plates,  though  we  have  no  definite  proof  of 
this),  which  are  aflfected.  The  phenomena  of  urari  poisoning  there- 
fore go  far  to  prove  that  muscles  are  capable  of  being  made  to 
contract  by  stimuli  applied  directly  to  the  muscular  fibres  them- 
selves ;  and  there  are  other  facts  which  support  this  view. 

This  question  of  'independent  muscular  irritabiUty'  was  once  thongbt  to 
be  of  importance.  In  old  times,  the  swelling  of  a  muscle  during  contraction 
was  held  to  be  caused  by  the  animal  spirits  descending  into  it  along  the 
nerves ;  and  when  the  doctrine  of  'spirits'  was  given  up,  it  was  still  taught 
that  the  vital  activity  of  the  muscle  was  somethiug  bestowed  upon  it  by  the 
action  of  the  nerve,  and  not  properly  belonging  to  itself.  We  owe  to 
Haller  the  establishment  of  the  truth,  that  the  contraction  of  a  muscle 
is  a  manifestation  of  the  muscle's  own  energy,  excited  it  may  be  by  nervous 
action,  but  not  caused  by  it.  Haller  spoke  of  the  muscle  as  possessing 
a  via  insita,  while  he  called  the  nervous  action,  which  excites  contraction, 
the  vis  nervosa.  He  used  the  word  irritability  as  almost  synonymous  with 
contractility,  a  meaning  which  is  still  adopted  by  many  authors.  In  this 
work  we  have  used  it  in  the  wider  sense,  first  employed  by  Glisson,  which 
includes  other  manifestations  of  energy  than  the  change  of  form  which 
constitutes  a  contraction.  Since  Haller's  time,  the  question  whether 
muscles  possess  an  independent  irritability  has  shifted  its  ground ;  it  now 
means,  not  whether  muscles  are  irritable  or  no,  but  simply  whether  their 
irritability  can  be  called  into  action  in  other  ways  than  by  the  mediation 
of  nerves.  In  addition  to  the  urari  argument  just  described,  we  may  state 
that  portions  of  muscular  fibres,  entirely  destitute  of  nerves,  such  as  the 
lower  end  of  the  sartorius  of  the  frog,  may  be  stimulated  directly,  with 
contractions  as  a  result ;  that  the  chemical  substances  which  act  as  stimuli 
when  applied  directly  to  muscles,  differ  somewhat  fix)m  those  which  act  as 
stimuli  to  nerves,  and  lastly,  that  a  portion  of  muscle-fibre  quite  free  from 
nerves  may  be  seen  under  the  microscope  to  contract.  In  the  succeeding 
portions  of  this  work  abundant  evidence  will  be  aflbrded  that  the  activity 
of  contractile  protoplasm  is  in  no  way  essentially  dependent  on  the  presence 
of  nervous  elements. 

The  Phenomena  of  a  simple  Muscular  Contraction. 

If  the  far  end  of  the  nerve  of  a  muscle-nerve  preparation  (the 
gastrocnemius  for  instance  of  the  frog  with  the  attached  sciatic  nerve 
dissected  out),  Figs.  1  and  2,  be  laid  on  the  electrodes  of  an  induction- 
machine,  the  passage  of  a  single  induction-shock  (either  making  or 
breaking)  will  produce  no  visible  change  in  the  nerve,  but  the  muscle 
will  give  a  short  sharp  contraction,  i.e.  will  for  an  instant  shorten 
itself,  becoming  thicker  the  while,  and  then  return  to  its  previous 
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Fia.  1.    DiAOfiAM  iLLUBTBATiNa  Appabatub  abbamobd  tob  Expbbzments  with  Mubclb 

AND  NeBVE. 

A,  The  moist  chamber  containing  the  muBcle-nerve  preparation.  (The  mnsde-nerre 
and  electrode-holder  are  shewn  on  a  larger  scale  in  Fig.  2.^  The  mosele  m, 
supported  by  the  damp  el,  which  firmly  grasps  the  end  of  tne  femur  f,  is  con- 
nected by  means  of  the  S  hook  «,  and  a  thread  with  the  lever  Z,  placed  below  the 
moist  chamber.  The  nerve  n,  with  the  portion  of  the  spinal  column  n'  still 
attached  to  it,  is  placed  on  the  electrode-holder  el,  in  contact  with  the  wires  x,  y» 
The  whole  of  the  interior  of  the  glass  case  gl  is  kept  saturated  with  moisture,  and 
the  electrode-holder  is  so  constructed  that  a  piece  of  moistened  blotting  paper  may 
be  placed  on  it  Without  coming  into  contact  with  the  nerve. 

/?.  The  revolving  cylinder  bearing  the  smoked  paper  on  which  the  lever  writes. 
A  figure  of  the  cylinder  from  a  different  point  of  view  is  shewn  in  Fig.  89. 

C.  Du  Bois-Beymond*s  key  arranged  for  short  circuiting.  The  wires  x  and  y  of  the 
electrode-holder  are  connected  through  binding  screws  in  the  floor  of  the  moist 
chamber  with  the  wires  af,  y,  and  these  are  secured  in  the  key,  one  on  either  side. 
To  the  same  key  are  attached  the  wires  x\  y"  coming  from  the  secondary  coil  ».  c, 
of  the  induction-machine  D.  This  secondary  coil  can  be  made  to  slide  up  and 
down  over  the  primary  coil  pr.  c,  with  which  are  connected  the  two  wires  x"  and 
y'*\  x"'  is  connected  directly  with  one  pole,  for  instance  the  copper  pole  c.  p,  of 
the  battery  E,  y'"  is  carried  to  a  binding  screw  a  of  the  Morse  key  F,  and  is 
continued  as  y^  from  another  binding  screw  h  of  the  key  to  the  zinc  pole  z.  p, 
of  the  battery. 

Supposing  everything  to  be  arranged,  and  the  battery  charged,  on  depressing  the 
handle  h,  a,  of  the  Morse  key  F,  a  current  will  be  made  in  the  primary  coil  pr,  e, 
passing  from  c.  p,  through  i"  to  pr.  c,  and  thence  through  y"'  to  a,  thence  to  6, 
and  so  through  ^^^  to  z,  p.  On  removing  the  finger  from  the  handle  of  F,  a  spring 
thrusts  up  the  handle,  and  primary  circuit  is  in  consequence  immediately  broken. 

At  the  instant  that  the  primary  current  is  either  made  or  broken,  an  induced 
current  is  for  the  instant  developed  in  the  secondary  coil  «.  c.  If  the  cross  bar  h  in 
the  Du  Bois-Reymond's  key  be  raised  (as  shewn  in  the  thick  line  in  the  figure),  the 
wires  x'\  as',  x,  the  nerve  between  the  electrodes  and  the  wires  y,  y'^  }f*  form  the 
complete  secondary  circuit,  and  the  nerve  consequently  experiences  a  making  or 
breaking  induction-shock  whenever  the  primary  current  is  made  or  broken.  If  the 
cross  bar  of  the  Du  Bois-Beymond  key  be  shut  down,  as  in  the  dotted  line  W  in  the 
figure,  the  resistance  of  the  cross  bar  is  so  slight  compared  with  that  of  the  nerve 
and  of  the  wires  going  from  the  key  to  the  nerve,  that  the  whole  secondary  (induced) 
current  passes  from  x"  to  y**  (or  from  y"  to  x')  sJong  the  cross  bar,  and  none  passes 
into  the  nerve.  The  nerve  being  thus  short  circuited,  is  not  affected  by  any  changes  in 
the  current. 


m- 


Fig.  2.  The  muscle-nerve  preparation  of  Fig.  1,  with  the  damp,  electrodes,  and 
deetrode-holder  are  here  shewn  on  a  larger  scale.  The  letters  as  in  Fig.  1.  The 
form  of  electrode-holder  figured  is  a  convenient  one  for  general  purposes,  but 
many  other  forms  are  in  use. 
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condition.  If  one  end  of  the  muscle  be  attached  to  a  lever,  while 
the  other  is  fixed,  the  lever  will  by  its  movement  indicate  the  extent 
and  duration  of  the  shortening.  If  the  point  of  the  lever  be  brought 
to  bear  on  some  rapidly  travelling  surface,  on  which  it  leaves  a  mark 
(being  for  this  purpose  armed  with  a  pen  and  ink  if  the  surface  be 
plain  paper,  or  with  a  bristle  or  needle  if  the  surface  be  smoked  glass 
or  paper),  so  long  as  the  muscle  remains  at  rest  the  lever  will  describe 
an  even  line.  When,  however,  a  contraction  takes  place,  as  when  a 
single  induction-shock  is  sent  through  the  nerve,  some  such  curve  as 
that  shewn  in  Fig.  3  will  be  described,  the  lever  rising  with  the 


FlO.   8.      A  MUSCLB-CUBVS   OBTAINED  BT  MEANS  OF  THB  PsNDULUM  MtOOSAPH. 

(To  be  read  from  left  to  right.) 

a  indicates  the  moment  at  which  the  indnction-shook  is  sent  into  the  nerve,  h  the 
oommenoement,  e  the  maximum,  and  d  the  close  of  the  contraction.  The  two 
smaUer  corres  snooeeding  the  hurger  one  are  due  to  oscillations  of  the  lever. 

Below  the  mnMle-earre  is  the  onrve  drawn  by  a  toning  fork  making  180  double 
vibrations  a  second,  each  complete  curve  representing  ^erefore  yl^  of  a  second. 
It  will  be  observed  that  the  plate  of  the  myograph  was  travelling  more  rapidly 
towards  the  close  than  at  the  beginning  of  the  contraction,  as  shewn  by  the  greater 
length  of  the  vibration-curves. 

shortening  of  the  muscle,  and  descending  as  the  muscle  returns  to 
its  natural  length.  This  is  known  as  the  *  muscle-curve.*  In  order 
to  make  the  'muscle-curve'  complete,  it  is  necessary  to  mark  on  the 
recording  surface  the  exact  time  at  which  the  induction-shock  is 
sent  into  the  nerve,  and  also  to  note  the  speed  at  which  the  recording 
surface  is  travelling.  These  points  are  best  effected  by  means  of 
the  pendulum  myograph.  Fig.  4. 

In  this  instrument  a  smoked  glass  plate,  on  which  a  lever  writes,  swings 
with  a  pendulum.  The  pendulum  with  the  glass  plate  attached  being  raised 
up,  is  suddenly  let  go.  It  swings  of  course  to  the  opposite  side,  the  glass 
plate  travels  through  an  arc  of  a  circle,  and,  the  lever  being  stationary,  the 
point  of  the  lever  describes  an  arc  on  the  glass  plate.  The  rate  at  which 
the  glass  plate  travels,  i.e.  the  time  it  takes  for  the  lever-point  to  describe 
a  line  of  a  given  length  on  the  glass  plate  may  be  calculated  from  the  length 
of  the  pendulum,  but  it  is  simpler  and  easier  to  place  a  vibrating  tuning- 
iotk  immediately  under  the  point  of  the  lever.  If  the  vibrations  of  the 
tuning-fork  are  known,  then  the  number  of  vibrations  which  are  marked 


PENDULUM  MYOGRAPH.  [Boos 


FiQ.  4,    The  Pkshploh  MvooniPB. 

Tlie  figure  k  cHagmmmntia.  tlie  esBeotinla  only  of  tbe  iustniment  licing  shewn.    T 

'    '  z'iMM  plAte  A  ewiugB  OQ  lh«  "ueoonds"  penilalnm  li  b;  meuis  of  ewefn 
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djnsted  bearings  at  C.  The  contrivanees  by  which  the  glass  plate  can  be  removed 
oA.  replaoed  at  pleasure  are  not  shewn.  A  second  glass  plate  so  arranged  that  the 
irst  glass  plate  may  be  moved  np  and  down  without  altering  the  s^nng  of  the 
(endnlnm  is  also  omitted.  Before  commencing  an  experiment  the  pendnlom  is  raised 
ip  (in  the  figore  to  the  right),  and  is  kept  in  that  position  by  the  tooth  a  catching  on 
he  spring-catch  5.  On  depressing  the  catch  h  the  glass  plate  is  set  free,  swings  into 
he  new  position  indicated  by  the  dotted  lines,  and  is  held  in  that  position  hj  the  tootli 
<  catehmg  on  the  catch  V.  In  the  conrse  of  its  swing  the  tooth  a'  coming  into 
ontact  with  the  projecting  steel  rod  e,  knocks  it  on  one  side  into  Uie  position  indi- 
ated  by  the  dotted  line  c'.  The  rod  c  is  in  electric  continnity  with  the  wire  x  of  the 
simaiy  coil  of  an  indoction-machine.  The  screw  d  is  in  similarly  electric  continnity 
rith  the  wire  y  of  the  same  primary  coil.  The  screw  d  and  the  rod  c  are  armed  with 
tlatinnm  at  the  points  in  which  they  are  in  contact,  and  both  are  insnlated  by  means 
I  the  ebonite  block  e.  As  long  as  e  and  d  are  in  contact  the  circuit  of  the  primary 
oil  to  which  x  and  y  belong  is  closed.  When  in  its  swing  the  tooth  a'  knodcs  e  away 
rom  d,  at  that  instant  the  circnit  is  broken,  and  a  *  breaking  *  shook  is  sent  throogh  the 
lectrodee  connected  with  the  secondary  coil  of  the  machine,  and  so  throogh  tiie  nerve, 
rhe  lever  2,  the  end  only  of  which  is  shewn  in  the  figore,  is  brought  to  bear  on  the  glass 
ilate,  and  when  at  rest  describes  a  straight  line,  or  more  exactly  an  arc  of  a  circle  of 
arge  radios.  The  timing-fork  /,  the  ends  only  of  the  two  limbs  of  which  are  shewn  in 
he  figore  placed  immediately  below  the  lever,  serves  to  mark  the  time. 

m  the  plate  between  any  two  points  on  the  line  described  by  the  lever  gives 
iie  time  taken  by  the  lever  in  passing  from  one  point  to  the  other. 
Im  easy  arrangement  permits  the  exact  time  at  which  the  shock  is  sent 
Jiroogh  the  nerve  to  be  marked  on  the  line  of  the  lever.  To  avoid  too 
iiany  markings  on  the  plate  the  pendulum  after  describing  an  arc  is  caught 
yj  a  spring  catch  on  the  opposite  side. 

A  complete  muscle-curve,  such  as  that  shewn  in  Fig.  3,  teaches  us 
the  following  facts: 

1.  That  although  the  passage  of  the  induced  current  from 
electrode  to  electrode  is  practically  instantaneous,  its  effect,  measured 
from  the  entrance  of  the  shock  into  the  nerve  to  the  return  of  the 
muscle  to  its  natural  length  after  the  shortening,  takes  an  appreciable 
time.  In  the  figure,  the  whole  contraction  from  a  to  d  takes  up  the 
same  time  as  eighteen  double  vibrations  of  the  tuning-fork.  Since 
?ach  double  vibration  represents  yj^  of  a  second,  the  duration  of  the 
tvhole  contraction  figured  was  -^  sea 

2.  In  the  first  portion  of  this  period,  from  a  to  i,  there  is  no 
risible  change,  no  shortening  of  the  muscle,  no  raising  of  the  lever. 

3.  It  is  not  until  6,  that  is  to  say  after  the  lapse  of  :.-r-^  i,e.  about 

^  sec.,  that  the  shortening  begins.  The  shortening  as  shewn  by  the 
;urve  is  at  first  slow,  but  soon  becomes  more  rapid,  and  then 
slackens  again  until  it  reaches  a  maximum  at  c;  the  whole  short- 
ening occupying  about  -^  sec. 

4  Arrived  at  the  maximum  of  shortening,  the  muscle  at  once 
)egin8  to  relax,  the  lever  descending  at  first  slowly,  then  very 
-apidly,  and  at  last  more  slowly  again,  until  at  d  the  muscle  has 
regained  its  natural  length;  the  whole  return  from  the  maximum 
A  contraction  to  the  natural  length  occupying  j^,  i.  e.  about  ^  sec 
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Thus  a  simple  muscular  contraction,  a  simple  spasm  as  it  is  some- 
times called,  produced  by  a  momentary  stimulus,  such  as  an  in- 
stantaneous induction-shock,  consists  of  three  main  phases. 

1.  A  phase  antecedent  to  any  visible  alteration  in  the  muscle. 
This  phase,  during  which  invisible  preparatory  changes  are  taking 
place  in  the  nerve  and  muscle,  is  often  called  the  'latent  period.' 

2.  A  phase  of  shortening  or  contraction. 

3.  A  phase  of  relaxation  or  return  to  the  original  length. 

In  the  case  we  are  considering,  the  electrodes  are  supposed  to  be 
applied  to  the  nerve  at  some  distance  from  the  muscle.  Consequently 
the  latent  period  of  the  curve  comprises  not  only  the  preparatory  ac- 
tions going  on  in  the  muscle  itself,  but  also  the  changes  necessary  to 
conduct  the  immediate  effect  of  the  induction-shock  from  the  part  of 
the  nerve  between  the  electrodes,  along  a  considerable  length  of  nerve 
down  to  the  muscle.  It  is  obvious  that  these  latter  changes  might 
be  eliminated  by  placing  the  electrodes  on  the  muscle  itself  or  on 
the  nerve  close  to  the  muscle.  If  this  were  done,  the  muscle  and 
lever  being  exactly  as  before,  and  care  were  taken  that  the  induction- 
shock  entered  into  the  nerve  at  the  new  spot,  at  the  moment  when 
the  point  of  the  lever  had  reached  exactly  the  same  point  of  the 
travelling  surface  as  before,  a  curve  like  that  shewn  by  the  plain 
line  in  Fig.  5  would  be  gained.  It  resembles  the  first  curve  (indi- 
cated in  the  figure  by  a  dotted  line)  in  all  points,  except  that  the 
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Fig.  5.    Cubtes  illustratikg  the  vbasuremekt  of  the  Vblocitt  of  a  Nxbtous 
Impulse.    (Diagrammatio.)    To  be  read  from  left  to  right. 

The  same  mnBole-nerye  preparation  is  stimulated  (1)  as  far  as  possible  from  the 
mnsole,  (2)  as  near  as  possible  to  the  mnscle ;  both  contractions  are  registered  by  the 
pendulum  mjographion  exactly  in  the  same  way. 

In  (1)  the  stimulus  enters  the  nerve  at  the  time  indicated  by  the  line  a,  the  con- 
traction, shewn  by  the  dotted  line,  begins  at  &';  the  whole  latent  period  therefore  is 
indicated  by  the  distance  from  a  to  h'. 

In  (2)  the  stimulus  enters  the  nerve  at  exactly  the  same  time  a ;  the  contraction, 
shewn  by  the  unbroken  line,  begins  at  6;  the  latent  period  therefore  is  indicated  by  the 
distance  between  a  and  6. 

The  time  taken  up  by  the  nervous  impulse  in  passing  along  the  length  of  nerve 
between  1  and  2  is  therefore  indicated  by  the  distance  between  h  and  6',  which  may  be 
measured  by  the  tuning-fork  curve  below.  N.B.  No  value  is  given  in  the  figure  for 
the  vibrations  of  the  tuning-fork,  since  the  figure  is  diagrammatic,  the  distuioe  be- 
tween the  two  curves,  as  compared  with  the  length  of  either,  having  been  purposely 
exaggerated  for  the  sake  of  simplioity. 
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latent  period  is  shortened;   the  contraction  begins  rather  earlier. 
From  this  we  learn  two  facts. 

1.  The  greater  part  of  the  latent  period  is  taken  up  by  changes 
in  the  muscle  itself,  preparatory  to  the  actual  visible  shortening,  for 
the  two  latent  periods  do  not  differ  much.  Of  course,  even  in  the 
second  case,  the  latent  period  includes  the  changes  going  on  in  the 
short  piece  of  nerve  stilt  lying  between  the  electrodes  and  the  mus- 
cular fibres.  To  eliminate  this  with  a  view  of  determining  the  latent 
period  in  the  muscle  itself,  the  electrodes  should  be  placed  directly 
on  the  muscle  poisoned  with  urari.  If  this  were  done,  it  would 
still  be  found  that  the  latent  period  was  chiefly  taken  up  by  changes 
in  the  muscular  as  distinguished  from  the  nervous  elements. 

2.  Such  difference  as  does  exist  indicates  the  time  taken  up  by 
the  propagation,  along  the  piece  of  nerve,  of  the  changes  set  up  at 
the  far  end  of  the  nerve  by  the  induction-shock.  These  changes  we 
shall  hereafter  speak  of,  as  constituting  a  nervous  impulse;  and  the 
above  experiment  shews  that  it  takes  some  appreciable  time  for  a 
nervous  impulse  to  travel  along  a  nerve.  In  the  figure  the  difference 
between  the  two  latent  periods,  the  distance  between  6  and  b\  seems 
almost  too  small  to  measure  accurately;  but  if  a  long  piece  of  nerve 
be  used  for  the  experiment,  and  the  recording  surface  be  made  to 
travel  very  fast,  the  difference  between  the  duration  of  the  latent 
period  when  the  induction-shock  is  sent  in  at  a  point  close  to  the 
muscle,  and  that  when  it  is  sent  in  at  a  point  as  far  away  as  possible 
from  the  muscle,  may  be  satisfactorily  measured  in  fractions  of  a 
second.  If  the  length  of  nerve  between  the  two  points  be  accurately 
measured,  the  rate  at  which  a  nervous  impulse  travels  along  the 
nerve  to  a  muscle  can  be  easily  calculated.  This  has  been  found 
to  be  in  the  frog  about  28,  and  in  man  about  33  metres  per  second. 

Thus  when  a  momentary  stimulus,  such  as  a  single  induction- 
shock,  is  sent  into  a  nerve  connected  with  a  muscle,  the  following 
events  take  place. 

1.  The  creation  at  the  spot  stimulated  of  a  nervous  impulse,  and 
the  propagation  of  the  impulse  along  the  nerve  to  the  muscle.  The 
time  taken  up  by  this  vanes  according  to  the  length  of  the  nerve. 
For  the  same  length  of  nerve  it  is  tolerably  constant. 

2.  The  setting  up  of  certain  molecular  changes  in  the  muscle, 
unaccompanied  by  any  visible  alteration  in  its  form,  constituting  the 
latent  period,  and  occupying  on  an  average  about  i^th  sec.  The 
time  taken  up  by  the  latent  period  varies  sonaewhat  according  to 
circumstances. 

■ 

3.  The  shortening  of  the  muscle  up  to  a  maximum,  occupying 
about  1^  sec. 

4.  The  return  of  a  muscle  to  its  former  length,  occupying  about 
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y^  sec.    Both  these  last  events  vary  much  in  duration  according  to 
circumstances^ 

Tetanic  Contractions. 

If  a  single  induction-shock  be  followed  at  a  sufficiently  short  in- 
terval by  a  second  shock  of  the  same  strength,  the  first  simple  con- 
traction or  spasm  will  be  followed  by  a  second  spasm,  the  two  bearing 
some  such  relation  to  each  other  as  that  shewn  by  the  curve  in 
Fig.  6,  where  the  interval  between  the  two  shocks  was  just  long 
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Fio.  6.    Tbacxno  of  a  Double  Muscle  Cxtbvb.    To  be  read  from  left  to  right. 

While  the  mascle  was  engaged  in  the  first  contraction  {whose  complete  coarse,  t^^ 
nothing  intervened,  is  indicated  by  the  dotted  line),  a  second  induction-shock  '^^ 
thrown  in,  at  such  a  time  that  the  second  contraction  began  just  as  the  first  -^^ 
beginning  to  decline.  The  second  curve  is  seen  to  start  from  the  first  as  does  the  fixv^ 
from  the  base-line. 

enough  to  allow  the  first  spasm  to  have  passed  its  maximum  before 
the  latent  period  of  the  second  was  over.     It  will  be  observed  tbd* 
the  second   curve  is  almost   in   all  respects  like  the  first  except 
that  it  starts,  so  to  speak,  from  the  first  curve  instead  of  from  tb« 
base-line.     The  second  nervous  impulse  has  acted  on  the  already 
contracted  muscle,  and  made  it  contract  again  just  as  it  would  have 
done  if  there  had  been  no  first  impulse  and  the  muscle  had  been  at 
rest.    The  two  contractions  are  added  together  and  the  lever  raised 
nearly  double  the  height  it  would  have  been  by  either  alona    A 
more  or  less  similar  result  would  occur  if  the  second  oontraction 
began  at  any  other  phase  of  the  fii-st.    The  combined  effect  is,  of 
course,  greatest  when  the  second  contraction  begins  at  the  maximum 
of  the  first,  being  less  both  before  and  afterwards.     If  in  the  same 
way  a  third  shock  follows  the  second  at  a  sufficiently  short  interval,  & 
third  curve  is  piled  on  the  top  of  the  second.    The  same  with  » 
fourth,  and  so  on. 

When  however  repeated  shocks  are  given  it  is  found  that  the  height 
of  each  contraction  is  rather  less  than  the  preceding  one,  and  this 
diminution  becomes  more  marked  the  greater  the  number  of  shocks- 
Hence  after  a  certain  number  of  shocks,  the  succeeding  impulses  do 

1  The  measurements  here  stated  are  those  ordinarily  given.  The  ourve  deseribed 
in  the  previous  text  happened  to  have  a  rather  long  latent  period,  and  the  lengthsoioS 
to  be  of  shorter  instead  of  longer  duration  than  the  shortening. 
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not  cause  any  further  shortening  of  the  muscle,  any  further  raising  of 
the  lever,  but  merely  keep  up  the  contraction  already  existing.  The 
curve  thus  reaches  a  maximum  which  it  maintains,  subject  to  the 
depressing  e£fects  of  exhaustion,  as  long  as  the  shocks  are  repeated. 
When  these  cease  to  be  given,  the  muscle  returns,  in  the  usual  way, 
at  first  very  rapidly,  and  then  more  slowly,  to  its  natural  length. 
When  the  shocks  do  not  succeed  each  other  too  rapidly,  the  indi- 
vidual contractions  may  readily  be  traced  along  the  whole  curve,  as 
is  seen  in  Fig.  7,  where  the  primary  current  of  the  induction-machine 


t     .^ 


^'  7*    KUSCLK  THBOWN  HTTO  TeTAKUS,  WHEN  THE  PBXM ABT  CURBEKT  OF  AN  InDIJCTZON- 
MACBINB   18  BEPBATEDLT  BROKEN   AT  INTEBVALf  OF  SIXTEEN   IN  A   SECOND. 

To  be  read  from  left  to  right. 

^^  ^per  lino  is  that  described  by  the  muscle.  The  lower  marks  time,  the 
^^*Vils  between  the  eleyations  indicating  seconds.  The  intermediate  line  shews  when 
*2*^H>eks  were  sent  in,  each  mark  on  it  corresponding  to  a  shock.  The  lever,  which 
^^bei  a  straight  line  before  the  shocks  are  allowed  to  fall  into  the  nerve,  rises  almost 
^l^^eiUy  (the  recording  surface  travelling  in  this  case  slowly)  as  soon  as  the  first 
^^^  eiitert  the  nerve  at  a.  Having  risen  to  a  certain  height,  it  begins  to  fall  again, 
^  in  its  ImJH  is  raised  once  more  by  the  second  shock,  and  that  to  a  greater  height 
^,  before.  The  third  and  sacceeding  shocks  have  similar  effects,  the  muscle 
^^jBtoning  to  become  shorter,  though  the  shortening  at  each  shock  is  less.  After  a 
^^^  the  increase  in  the  total  shortening  of  the  muscle,  though  the  individual  con- 
^"^ttioiQa  are  stiU  visible,  almost  ceases.  At  5,  the  shocks  cease  to  be  sent  into  the 
^^f^\  the  contractions  almost  immediately  disappear,  and  the  lever  forthwith  com- 
^^^^6fi^  to  descend.  The  muscle  being  lightly  loaded,  the  descent  is  vexy  gradual ;  the 
^^^^  had  not  regained  its  natural  length  when  the  tracing  was  stopped. 

^  repeatedly  broken  at  intervals  of  sixteen  in  a  second.  When  the 
(bocks  succeed  each  other  more  rapidly,  the  individual  contractions, 
^ible  at  first,may  become  fused  together  and  lost  to  new  as  the  tetanus 
^tinues  and  the  muscle  becomes  tired.  When  the  shocks  succeed 
^  other  still  more  rapidly  (the  second  contraction  beginning  in  the 
••cendinff  portion  of  the  first),  it  becomes  diflBcult  or  impossible  to  trace 
out  the  single  contractions.  The  curve  then  described  by  the  lever  is 
of  the  kind  shewn  in  Fig.  8,  where  the  primary  current  of  an  induction- 
loaehine  was  rapidly  made  and  broken  by  the  magnetic  interrupter, 
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Fio.  8.    Tetakub  producid  with  the  osdikabt  liiONsno  Ixtbbbxtptob  07  IN  Induc- 
tion-MACHiMB.  (Becobdino  bubvacb  tbjltzllimo  blowlt.)  To  be  read  from  left  to  ligbt 

The  interrupted  current  being  thrown  in  at  a  the  lerer  rises  rapidly,  but  at  ( the 
mosole  reaches  the  maximtun  of  contraction.  This  is  continued  till  e,  when  the  cairent 
is  shut  off  and  relaxation  commences. 

Fig.  9.    The  lever,  it  will  be  observed,  rises  at  a  after  the  latent  period 
(which  is  not  marked),  first  rapidly,  and  then  more  slowly,  in  an  appa- 
rently unbroken  line  to  a  maximum  at  about  b,  maintains  the  maxi- 
mum, subject  to  the  effects  of  exhaustion,  so  long  as  the  shocks  con- 
tinue to  be  given,  and  when  these  cease  to  be  given,  as  at  c,  gradually 
descends  to  the  base-line.    This  condition  of  muscle,  brought  about 
by  rapidly  repeated   shocks,   this  fusion   of  a  number  of  simple 
spasms  into  an  apparently  smooth,  continuous  effort,  is  known  as 
tetaniis,  or  tetanic  contraction.    The  above  facts  are  most  clearly  shewn 
when  induction-shocks,  or  at  least  galvanic  currents  in  some  form  or 
other,  are  employed.     They  are  seen,  however,  whatever  be  the  fonn 
of  stimulus  employed.    Thus  in  the  case  of  mechanical  Btimtdi,a 
single  blow  given  to  a  netve  may  cause  a  single  spasm,  repeated 
blows  (if  frequent  enough)  a  tetanus.     With  chemiced  stimiiiatioDf 
as  when  a  nerve  is  dipped  in  acid,  it  is  impossible  to   secure  a 
momentary  application;  hence  tetanus,  generally  irregular  in  dia- 
racter,  is  the  normal  result  of  this  mode  of  stimulation.     In  the 
living  body,  the  contractions  of  the  striated  muscles,  brought  about 
either  by  the  will  or  by  reflex  action,    are   generally  tetanic  in 
character.    Even  very  short  sharp  movements,  such  as  a  sudden 
jerk  of  the  limbs,  are  in  reality  examples  of  tetanus  of  short  duration. 
Such  being  the  general  visible  characters  of  muscular  contrac- 
tions, we  may  now  attack  the  questions :  What  changes  in  a  ner?e 
constitute  a  nervous  impulse  ?     What  changes  in  a  muscle  constitute 
a  muscular  contraction  ? 


Changes  in  a  Nerve  during  the  passage  of  a  nervous  impulse. 

These  are  of  the  same  nature  during  the  passage  of  either  a  single 
impulse  leading  to  a  simple  muscular  spasm,  or  repeated  impubei 
leading  to  tetanus,  the  latter  being  merely  an  accumulation  of  the 
former. 

1.    There  are  no  visible  events. 
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The  two  wires  r  uid  y  from  the  battel^  are  oonnected  with  Uis  two  brwa  pilUra 
«  and  rf  bj  m«iuit  of  wrewB.  Direetl;  ooQtaet  is  thai  made  the  ooirent,  indioated  in 
tke  Afore  b;  the  thiek  interrupted  line,  pasaea  in  the  direction  of  the  anowa,  up  the 
fillar  a,  sltnkg  the  ateel  apring  b,  aa  tar  aa  the  aorew  c,  the  point  of  whioh,  armed  with 
ptadDtun,  is  in  oontaet  with  ft  amftU  plstinDni  plat*  on  b.  The  ontreot  pMies  from  b 
Ibongh  e  and  a  ooneoting  wire  into  ue  primaiy  ooll  p.  Dpou  ita  entering  into  the 
{fimwj  eoil,  an  indnoed  (making)  omreut  ia  for  the  instant  develaped  in  the  secondary 
«c«l  (not  ahewD  in  the  flgnre).  From  the  primarj  eoil  p  the  otirrent  paisea.  by  a 
MKmeoting  wire,  throngh  the  double  spiral,  m,  and,  did  DOthing  happen,  nould  con- 
tinne  to  paaa  from  m  by  a  oonneotinf  wire  to  the  pillar  d,  and  to  hj  the  wire  y  to  the 
hatlMj.     Tlie  whole  of  thia  oonrse  ia  indicated  by  the  thick  interrupted  line  with  its 

Aa  the  emrent  howerer  pasaea  through  the  apirala  m,  the  iron  oorea  of  theae  are 
■ade  magnetie.  They  in  oonaeqaence  draw  down  the  iron  bar  e,  fixed  at  the  end  of 
the  apring  b,  the  flexibility  of  the  ipring  allowing  tbia.  Bat  when  t  ia  drawn  down, 
Iha  platimini  plate  oa  the  upper  surtaoe  of  j>  ia  also  drawn  away  from  the  acrew  c,  and 
a  «J"ii"  ptatinDni  plate  on  the  under  surface  of  b  is  brought  into  contact  with  the 
platinnm  armed  point  of  the  screw  /,  the  screws  being  so  arranged  that  this  takes 
plaea.  In  oenaeqaeQce  of  this  change  the  cnrrect  can  no  longer  pass  from  li  to  c.  On 
the  eontrary,  it  paues  from  b  to  f,  and  io  down  the  pillar  il,  in  the  direction  indicated 
by  the  thin  interrupted  line,  and  out  to  the  batteiy  by  the  wire  f.  Thus  the  current 
ia  "  ahort^irenited"  from  the  primary  coil ;  and  the  instant  that  the  current  is 
thus  cQt  oB  from  the  primary  ooil,  an  indnoed  (breaking)  eoirenl  is  tor  the  moment 
dcTeloped  in  the  leoOQaaiy  coil.  But  the  aarrent  is  cnt  off  not  only  from  the  primary 
coil,  bat  alao  from  the  spirals  tn  ;  in  consequence  their  cores  cease  to  be  magnetiied, 
the  bar  t  oeaiea  to  be  attracted  by  them,  and  the  spring  b,  by  virtue  of  ita  elastidty, 
reaimiM  its  former  poaition  in  contact  with  the  screw  c.  'Diis  retain  of  the  spriog 
howBTer  re-establishes  the  eoirent  in  the  primary  coil,  and  in  tlie  spiiala,  and  the 
■priDg  ia  drawn  down,  to  be  released  once  more  in  the  aame  manner  aa  before.  Thua 
aa  long  a*  the  current  is  passing  along  z,  the  contact  of  b  la  oonstontly  alternating  be- 
tween cand/,  and  the  oorrent  is  oonstantly  paBsing  into  and  being  shnt  off  from  p,  the 
periodi  of  Mtamation  being  determined  l^  the  periods  of  vibration  of  the  spring  b. 
with  Mfrh  paaasge  of  the  onrrent  into,  or  withdrawal  from  the  primary  coil,  an 
indncad  (making  ud,  rwpMtiTely,  breaking)  shooli  is  developed  in  the  secondary  coil. 
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%    No  chemical  changes  have  been  satisfactorily  made  out. 

3.  No  change  in  temperature  or  in  the  general  physical  conditions 
uf  the  nerve  have  been  satisfactorily  observed. 

4.  The  only  distinctly  appreciable  change  is  aD  electric  one. 

Natoral  nerve-corrents.  If  a  piece  of  living  nerve  be  placed  oil 
a  pair  of  non-polarisable'  electrodes,  connected  with  a  sensitive  gal- 
vanometer containing  many  convolutions,  deflections  of  the  galvanu- 
meter-needle  indicate  the  existence  of  currents  which  vary  accordiiiT 
to  the  position  of  the  electrodes.  The  greatest  deflection  is  observed 
when  one  electrode  is  placed  at  the  mid-point  or  equator"  of  tbe  piece 
of  nerve,  and  the  other  at  either  cut  end ;  and  the  deflection  \a  of 
such  a  kind  as  to  shew  that  positive  currents  are  continually  passing 
from  the  mid-point  through  tne  galvanometer  to  the  cut  end,  that  is 
to  say,  the  cut  end  is  negative  relatively  to  the  mid-point.  The  currents 
outside  the  nerve  may  be  considered  as  completed  by  currents  tn  t^ 
■nerve  from  the  cut  end  to  the  mid-point.  Thus  in  the  diagram  Fig.  11, 
the  arrows  indicate  the  direction  of  the  currents.  If  the  one  elertrodo 
be  placed  at  the  equator  ah,  tbe  eSect  is  the  same  at  whichever 


FlO.   10.     Kojt-POLIBISABLB  ElBCTBODBS. 

a,  the  glau  tub* ;  i,  tbe  amalgamated  Eiuc  slipi  ooimeoted  with  their  iwpMtht 
ivir«i;  I,  ;  tbe  zino  aalpbate  Bolation;  ch.e,  ths  ping  of  ohina  ela;;  <f,  the  pottioo 
cif  the  cMnaMJlay  ping  prujeotmg  from  the  end  at  tbe  tube;  tbia  oam  be  moulded int* 
auf  tegnued  tono. 

vift  the  nerve  or  mnicle  by  meana  of  a  plug  or  bridge  of  cbina-elay  moiatened  with 
dilate  BOdinm  ebloride  Bolation;  it  ia  important  that  the  aino  ahould  be  thoron^ilf 
amalgamated.  Thia  form  at  eleotrodea  glveB  rise  to  lesa  polaiieation  than  do  nvi^ 
platiniUD  or  copper  eleotrodea.  The  elaj  affords  a  connection  between  the  cino  ud 
tlie  tiaane  wbioli  neitber  acta  on  the  tUsae  nor  is  acted  on  by  the  tieBne,  Oontaotd 
BDy  tiaane  with  copper  or  platinam  ia  in  itaelt  aoffioient  to  develope  a  coirent. 

■  Tbe  tranaverse  lins  containing  all  tbe  mid-points,  i.e.  pointa  midway  lietween  lb* 
two  ends  of  tbe  piece,  ia  colled  the  'oguatoi.'  In  tbe  diagram.  Fig.  11,  the  Una  ob  ii 
the  equator. 
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Fia.   11«     DUOBAIC  ILLUBTBJLTnia  THX  BLEGTBIO  CUBBSMTB  07  NKBTB  AND  1IU8CL2. 

Bong  purely  diagrammatio,  it  may  serve  for  a  piece  either  of  nerre  or  of  moBole, 
tieepi  thai  the  enrrents  at  the  transverse  seotion  cannot  be  shewn  in  a  nenre.  The 
•Rowt  ahew  the  direction  of  the  current  through  the  galvanometer. 

§k  the  equator.  The  strongest  cnrrents  are  those  shewn  by  the  dark  lines,  as  from  a, 
at  equator,  to  x  or  to  «  at  the  oat  ends.  The  current  from  a  to  e  is  weaker  than 
from  A  to  y,  though  both,  as  shewn  by  the  arrows,  have  the  same  direction.  A 
current  is  shewn  from  e,  which  is  near  the  equator,  to  /  which  is  fuiher  from  the 
equator.  The  current  (in  muscle)  from  a  point  in  the  circumference  to  a  point 
nearer  the  centre  of  the  transverse  section  is  shewn  at  gK  From  a  to  5  or  from 
s  to  y,  there  is  no  current,  as  indicated  by  the  dotted  lines. 

of  the  two  cut  ends  x  ox  y  the  other  is  placed.  If,  one  electrode 
remaining  at  the  equator,  the  other  be  shifted  from  the  cut  end  to  a 
spot  c  nearer  to  the  equator,  the  current  continues  to  have  the  same 
direction,  but  is  of  less  intensity  in  proportion  to  the  nearness  of  the 
electrodes.  If  the  two  electrodes  be  placed  at  uneaual  distances 
e  and  /,  one  on  either  side  of  the  equator,  there  will  be  a  feeble 
current  from  the  one  nearer  the  equator  to  the  one  farther  off,  and 
the  current  will  be  the  feebler,  the  more  nearly  they  are  equidistant 
from  the  equator.  If  they  are  quite  equidistant,  as  for  instance 
when  one  is  placed  on  one  cut  end  x,  and  the  other  on  the  other 
cut  end  y,  there   will  be  no  current  at  alL    These  currents  are 

rken  of  as  the  natural  nerve-currents.  They  are  not  transitory, 
y  do  not  disappear  immediately  after  they  have  manifested  them- 
selves, but  on  the  contrary  continue  for  an  indefinite  period.  They 
must  therefore  be  maintained  by  changes  taking  place  within  tlie 
nerve.  Hence  they  depend  on  the  vital  (nutritive)  condition  of  the 
nerve. 

Da  Bois-Reymond  *  found  the  electromotive  force  of  the  sciatic  nerve 
of  a  frog  to  amount  to  '022  Danieil,  while  that  of  the  rabbit  did  not 
exceed  026  Danieil.  Engelmann'  however  obtained  for  the  sciatic  of  the 
frog  a  value  of  '046  Danieil. 

»  Q€9ammelti  Abhand.  (1877)  u.  232.  «  rflUger'd  Archiv,  xv.  (1877),  p.  141. 
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Negative  variation.  When  a  nerve  is  stimulated,  so  that  a 
nervous  impulse  passes  along  it,  the  natural  nerve-current  is  dimin- 
ished ;  it  undergoes  what  is  called  a  negative  variation.  This  is  not 
easily  shewn  in  the  case  of  a  simple  impulse,  but  is  very  evident  when 
the  repeated  impulses  of  tetanus  are  generated.  Thus  if  in  a  long 
piece  of  nerve,  one  electrode  be  placed  at  one  cut  end  and  the  other 
at  some  distance  from  it,  so  as  to  give  a  well-marked  deflection  of 
the  galvanometer,  and  the  other  end  of  the  nerve  be  tetanized  with 
the  induction-machine  working  with  a  magnetic  interruptor.  the 
needle  of  the  galvanometer  which  before  the  stimulation  was  de- 
flected, say  to  60  or  70  divisions  of  the  scale  on  one  side  of  zero,  will 
now  swing  back  considerably  towards  or  to  zero  or  even  to  some 
distance  on  the  other  side  of  zero.  A  similar  negative  variation  is 
observed  wherever  the  electrodes  be  placed,  and  whatever  point  be 
stimulated.  The  effect  is  not  due  to  any  escape  from  the  stimulating 
current  on  to  the  electrodes,  for  it  ceases  when  the  nerve  is  tied 
between  the  point  stimulated  and  the  electrodes,  yet  the  ligature 
does  not  interfere  with  the  physical  conduction  of  a  current  along 
the  nerve,  though  it  puts  an  ena  to  the  propagation  of  vital  changes. 
Moreover  the  same  negative  variation  is  seen  whatever  be  the  mode 
of  stimulation.  It  is  not  confined  especially  to  electrical  stimula- 
tion, but  occurs  also  when  chemical  or  mechanical  stimuli  are  used. 
The  negative  variation,  like  the  natural  current,  is  a  vital  phenomenon, 
and  the  intensity  of  both  ebbs  and  flows  with  the  changing  vitality  of 
the  nerve. 

According  to  Bernstein*  the  deflection  of  the  needle  occurring  during 
the  negative  vaiiation  may  on  very  strong  stimulation  amount  to  two 
or  three  times  the  deflection  due  to  tibe  natural  current. 

When  we  come  to  study  the  changes  which  take  place  in  a  muscle 
during  contraction  we  shall  see  that  the  nerve  and  muscle  of  a  frog 
may  be  used  instead  of  a  galvanometer,  by  the  method  known  as 
*  the  rheoscopic  frogV  in  which  the  natural  current  of  one  nerve,  or 
the  negative  variation  of  that  current,  is  used  as  stimulus  to  another 
nerve.  And  we  shall  learn  from  that  experiment  that  when  a 
nerve  is  tetanized,  its  natural  current  undergoes  not  a  single,  but 
a  series  of  negative  variations,  each  impulse  in  fact  producing  its 
own  variation,  so  that  repeated  stimuli,  corresponding  in  number  to 
the  variations,  are  thrown  into  the  second  nerve,  and  thus  cause  a 
tetanus  in  the  attached  muscle.  This  fact  we  cannot  learn  from  the 
galvanometer,  in  which  the  needle  from  its  inertia  cannot  follow 
rapidly  enough  the  variations  of  the  current,  but  gives  one  large  swing 
which  is  the  accumulation  of  the  smaller  swings  due  to  the  individual 
variations,  iust  as  the  apparently  continuous  contraction  of  a  tetanized 
muscle  is  the  summation  of  a  number  of  simple  spasms. 

The  main  event  then  accompanying  a  nervous  impulse  of  which 

1  Vnter$uch,  U,  d,  Errtgungsvorgang  im  Nerven-  und  MmkeUytUmt.    187JU 
*  See  p.  53. 
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we  are  at  present  cognisant,  is  the  negative  variation  of  the  natural 
nerve-current  Beyond  the  terminal  effects  of  a  muscular  contrac- 
tion (in  motor  nerves  and  corresponding  effects  in  sensory  nerves), 
this  is  the  one  token  we  possess  whereby  we  can  judge  of  what  is 
taking  place  in  a  nerve. 

By  the  help  of  an  ingenious  apparatus  Bernstein^  has  been  able  to  study 
the  way  in  which  the  negative  variation  passes  over  any  given  spot  in  a 
nerve.     Suppose  a  nerve  is  stimulated  with  a  single  induction-shock  at  the 
pdnt  A  ;  and  suppose  the  points  B^  B\  of  the  nerve,  at  some  distance  from 
A  J  so  diosen  that  they  will  give  a  natural  nerve-current,  are  connected  with 
a  galvanometer.     If  the  electrodes  of  B,  B  are  permanently  connected  with 
the  galvanometer,  a  negative  variation  will  be  observed  every  time  A  is 
stimuhited.    But  suppose  that  the  points  B^  By  instead  of  being  permanently 
connected  with  the  galvanometer,  are  only  brought  into  connection  with  it 
for  an  in^taiU^  and  that  at  different  small  fractions  of  a  second  after  A  is 
Btimnlated;  so  that  for  instance  on  one  occasion,  the  portion  of  nerve 
between  B  and  B  is  brought  into  momentary  connection  with  the  galvano- 
meter— ^is,  as  the  telegraph  engineers  would  say,  'tapped,' — at  the  very 
instant  A  is  being  stimulated ;  and  on  another  occasion,  at  an  interval  say 
of  y^  sec  after  A  was  stimulated,  and  so  on ;  what  should  we  expect  to 
happen  in  reference  to  the  nerve-current  between  B  and  B  \    This  Bernstein 
investigated.     Instead  however  of  simply  stimulating  A  once  only  on  each 
occasion,  he  repeated  the  stimulation  several  times  a  second,  bringing  B^  B 
into  momentary  connection  with  the  galvanometer  at  each  stimulation. 
He  thus  had  under  his  notice  not  the  slight  and  probably  hardly  recog- 
nisable effect  of  a  single  stimulation,  but  the  cumulative  effect  of  several 
stimulations,  the  nerve  being  'tapped'  at  exactly  the  same  fraction  of  a 
second  after  the  stimulation  in  each  series  of  stimulations.     By  varying  the 
interval  in  a  number  of  series  of  stimulations,  his  apparatus  consisting 
mainly  of  a  revolving  disc  with  moveable  adjuncts,  he  was  able  to  explore 
the  condition  of  the  natural  current  and  the  amount  of  negative  variation 
at  By  B  during  the  whole  interval  between  any  two  successive  stimulations 
of  J.     He  found  that  if  B  were  tapped  at  the  same  instant  that  the  shock 
passed  through  A^  there  was  no  negative  variation  at  all  of  the  natural 
current.     When  B  was  tapped  a  very  small  fraction  of  a  second  later  a 
slight  variation  was  observed,  a  little  later  still  the  variation  was  found  to 
be  greater,  still  later  it  had  reached  a  maximum;  beyond  this  it  began 
to  decline,  and  so  at  last  an  interval  was  reached,  at  which  the  negative 
variation  was  again  wholly  absent.     It  had  in  fact  in  this  last  case  passed 
over  By  before  B  was  tapped.     These  observations  shew  that  the  negative 
variation  passes  over  any  given  spot  of  the  nerve  in  the  fonu  of  a  wave, 
rising  rapidly  to  a  maximum  and  then  more  gradually  declining  again. 
Bernstein  found  that  it  travelled  in  the  nerves  of  the  frog  at  about  the  rate 
of  28  metres  in  a  second,  a  rate  identical,  it  wiU  be  noted,  with  that  of  the 
nervous  impulse  determined  in  quite  other  ways.     He  also  found  that  the 
whole  wave  took  "0007  sec.  to  pass  over  any  given  point  in  a  nerve.     CJon- 
sequently  the  length  of  the  wave  was  about  18  mm. 

Assuming,  as  we  fairly  may  do,  that  the  negative  variation  is  a  satisfac- 
tory sign  of  the  whole  set  of  changes  which  constitute  a  nervous  impulse, 
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we  may  saj  that  a  nervous  impulse  is  a  molecular  disturbance  propagated 
along  the  nerve  in  the  form  of  a  wave,  of  the  length,  and  possessing  the 
velocity,  mentioned  above; 


The  Changes  in  a  MuscU  during  cantracHofu 

Electrical  changes.  These  deserve  to  be  considered  apart  from 
the  rest,  because  they  alone  are  definitely  kno.wn  to  occur  in  the 
latent  period.  A  living  muscle  exhibits  natural  muscle-currents 
altogether  similar  to  the  natural  nerve-currents  but  &rmore  powerful 
The  diagram,  Fig.  11,  applies  to  muscle  as  well  as  to  nerve.  In  a 
cylindrical  or  prismatic  muscle  with  regularly  disposed  parallel  fibres 
the  equator  is  positive  relatively  to  either  end  or  to  points  between 
the  end  and  the  equator ;  and  points  on  either  side  of  the  equator 
are  positive  or  negative  the  one  to  the  other,  according  to  their 
distance  from  the  equator.  The  muscle-currents  are  obtained  not 
only  from  muscles  still  retaining  their  natural  tendinous  terminations, 
but  also,  and  even  in  a  more  striking  degree,  from  muscles  the  ends 
of  which  have  been  cut  off,  thus  presenting  terminal  artificial  trans- 
verse sections  instead  of  the  natural  tendinous  ones.  In  these,  more- 
over, it  is  seen  that  the  circumference  of  the  transverse  section  is 
positive  relatively  to  the  centre,  as  shewn  at  ^  to  A  in  Fig.  11.  (In 
nerves  this  is  net  satisfactorily  seen.)  Thus,  of  all  the  points  of  a 
muscle  the  centre  of  either  terminal  transverse  section  and  any  point 
on  the  equator  of  the  muscle  are  the  most  negative  and  positive 
relatively  to  each  other.  The  currents  are  shewn  not  only  with 
artificial  transverse  sections,  but  also  with  artificial  longitudinal 
sections.  In  fact,  in  a  mere  piece  of  muscle  the  same  distribution 
of  currents  may  be  witnessed. 

Du  Bois-Ilejrmond^  finds  the  electromotive  force  of  the  natural  current 
of  a  frog's  muscle  (gracilis  or  semimembranosus)  to  amount  sometimes  to 
*08  Daniell.     That  of  the  muscle  of  a  rabbit  never  exceeded  *049  DanielL 

It  has  been  said  that  the  currents  in  a  muscle  with  artificial  transverse 
sections  are  often  more  marked  than  those  of  an  intact  muscle.  In  &ct, 
frequently  when  a  muscle  is  removed  with  extreme  care  from  the  body, 
and  t)ie  tendinous  origins  and  insertions  allowed  to  remain  bathed  in  their 
natural  lymph,  the  currents  observed  are  very  feeble  indeed  or  even  wholly 
absent.  On  dipping  the  tendon  in  acid  or  water  however,  strong  currents 
are  at  once  developed.  To  explain  this  Du  Bois-Reymond  supposes  that 
the  extreme  end  of  the  muscle  is  in  the  natural  condition  protected  by 
a  layer  uf  positive  elements  whose  action  masks  the  natural  current.  It  is 
not  imtil  this  parelectronomic  layers  as  he  calls  it,  has  been  removed  by  the 
application  of  t>ome  reagent  or  by  changes  taking  place  in  the  muscle  itself, 
that  the  natural  current  can  manifest  itself  in  its  proper  strength.  Her- 
mann, on  the  other  hand,  regards  the  absence  of  currents  as  the  natural 
condition  of  the  muscle  (or  nerve).     He  explains  the  current  obtained  with 

^  QetammelU  AbJiandL  zx.  242. 
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the  artificial  transverse  section  as  dne  to  the  exposed  layer  of  muscular  (or 
nervous)  substance,  as  it  dies  or  enters  into  rigor  mortis,  becoming  negative 
relatively  to  the  still  living  substance.  Where  natural  currents  are  mani- 
fested in  untouched  muscles,  the  terminal  portions  of  the  fibres  maj  be 
supposed  to  be  dying  in  advance  of  the  median  portions.  Under  this  view 
the  n^ative  variation  during  contraction  (of  which  we  shall  speak  directly) 
is  of  course  to  be  regarded  as  an  independent  current  generated  by  the 
molecules  of  the  muscular  substance  becoming  negative  during  the  latent 
period,  the  negativity  sweeping  along  the  fibre  in  advance  of  the  con- 
traction-wave. Engelmann^  has  brought  forward  a  strong  support  of 
Hermann's  view,  by  shewing  that  in  the  heart,  unstriated  muscles,  and 
nerves,  the  current  produced  by  a  recently  prepared  artificial  section  sinks 
in  the  course  of  some  hours  almost  to  nil,  but  may  be  revived  to  its  original 
strength  by  a  fresh  section  slightly  in  advance  of  the  old  one.  In  the 
present  state  of  our  knowledge,  there  are  many  difficulties  in  the  way  of 
accepting  either  one  view  or  the  other,  and  a  discussion  of  the  subject 
sufficiently  exhaustive  to  be  of  any  value  would  be  beyond  the  scope  of  this 
work.  The  reader  who  wishes  to  enter  more  fully  into  the  matter  is 
referred  to  the  memoirs  contained  in  Du  Bois-Reymond,  Gesammelte 
Abkandlungeriy  1875 — 77,  Hermann,  UrUersuch.  zur  Physiol,  d,  Muskeln 
tmd  Nerven^  1867 — 68,  and  numerous  papers  in  Pfliiger's  Archiv, 

The  currents  are  in  part  dependent  on  the  form  of  the  muscle  or  piece 
of  muscle.  Thus  in  a  rhomb  the  blunt  angles  are  positive  towards  the  acute 
ones,  and  the  natural  currents  are  obscured  by  currents,  the  so-called 
eurrerUa  of  inclination,  passing  from  the  latter  to  the  former.  Hence  the 
scheme  of  natural  currents,  illustrated  by  the  diagram.  Fig.  11,  only  holds 
good  for  regular  muscles,  the  fibres  of  which  are  all  parallel,  ending  in 
tolerably  rectangular  terminations.  In  an  irregular  muscle,  such  as  the 
gastrocnemius,  for  instance,  in  which  the  currents  of  inclination  ai*e  very 
pronounced,  the  diagrammatic  representation  of  the  various  currents  gives  a 
complicated  figure  wholly  unlike  Fig.  11*. 

During  a  contraction  the  natural  muscle-current  undergoes  a 
negative  variation.  Not  easily  seen  in  a  single  spasni,  this  is  exceed- 
ingly obvious  during  tetanus.  If  a  pair  of  electrodes  be  placed  on  a 
muscle,  one  at  the  equator,  and  the  other  at  or  near  the  transverse 
section,  and  thus  a  considerable  deflection  of  the  galvanometer  be 
gained,  indicating  a  considerable  natural  current,  toe  needle  of  the 
galvanometer  will,  when  the  muscle  is  tetanized  by  an  interrupted 
current  sent  through  its  nerve  (at  a  point  too  far  from  the  muscle 
to  allow  any  escape  of  the  current  into  the  electrodes  connected  with 
the  galvanometer),  swing  back  towards  zero;  it  returns  to  its  original 
deflection  when  the  tetanizing  current  is  shut  off. 

This  negative  variation  may  not  only  be  shewn  by  the  galvano- 
meter, but  it,  as  well  as  the  natural  current,  may  be  used  as  a  galvanic 
shock  and  so  employed  to  stimulate  a  muscle,  as  in  the  experiment 
known  as  *  the  rheoscopic  frog.'  For  this  purpose  sensitive  muscles 
and  nerves  in  thoroughly  good  condition  are  required.     Two  muscle- 

»  Pfluger*8  Archiv,  xv.  (1877).  p.  116,  p.  828. 
'  Cf.  Du  Boifl-BeymoQd,  op,  cit,  ix.  C3. 
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nerve  preparations  having  been  made  and  each  placed  on  a  glass 
plate  for  the  sake  of  insulation,  the  nerve  of  the  one  is  allowed  to 
fall  on  the  muscle  of  the  other  in  such  a  way  that  one  point  of  the 
nerve  comes  in  contact  with  the  equator  of  the  muscle,  and  another 
point  with  one  end  of  the  muscle  or  with  a  point  at  some  distance 
from  the  equator.  At  the  moment  the  nerve  is  let  fall  and  contact 
made,  a  current  passes  through  the  nerve ;  this  acts  as  a  stimulus  to 
the  muscle  connected  with  the  nerve,  and  causes  contraction  in  it. 
So  the  muscle  A  acts  as  a  battery,  the  completion  of  the  current  of 
which  by  means  of  the  nerve  of  B,  serves  as  a  stimulus,  causing  B 
to  contract. 

If  while  the  nerve  of  B  is  still  in  contact  with  the  muscle  of  A^ 
the  nerve  of  the  latter  is  tetanized  with  an  interrupted  current,  not 
only  is  tho  muscle  oi  A  thrown  into  tetanus  but  also  that  of  B\  the 
reason  being  as  follows.  At  each  spasm  of  which  the  tetanus  of  A  is 
made  up,  there  is  a  negative  variation  of  the  muscle-current  of  A. 
Each  negative  variation  in  the  muscle  of  A  serves  as  a  stimulus  to 
the  nerve  o^  B,  and  is  hence  the  cause  of  a  spasm  in  the  muscle  of 
B)  and  the  stimuli  following  each  other  rapidly  as  they  must  do 
being  produced  by  tetanus  of  A,  the  spasms  in  B  to  which  they  give 
rise  are  also  fused  into  a  tetanus  in  B,  B  in  fact  contracts  in 
harmony  with  A.  This  experiment  shews  that  the  negative  variation 
accompanying  the  tetanus  of  a  muscle,  though  it  causes  only  a  single 
movement  of  the  galvanometer,  is  really  made  up  of  a  series  of 
negative  variations,  each  single  negative  variation  corresponding  to 
the  single  spasms  of  which  the  tetanus  is  made  up.  # 

Similar  results  are  arrived  at,  though  less  readily,  if  the  nerve  3f 
B,  instead  of  being  allowed  to  fall  on  the  muscle  of  A^  is  placed  in 
contact  with  two  points  of  the  nerve  of  J.,  so  situate  as  to  develope 
a  current.  When  the  nerve  of  JS  is  let  fall  on  the  two  points  of  the 
nerve  of  ^,  so  chosen  that  a  nerve-current  may  be  expected  to  pass 
between  them,  a  single  spasm,  caused  by  the  completion  or  making 
of  the  circuit  of  the  nerve-current,  may  sometimes  be  observed  in  the 
muscle  of  B.  When  the  nerve  of  ^  is  tetanized  with  an  interrupted 
current,  the  muscle  of  B  is  thrown  into  tetanus ;  in  these  cases  it  is 
the  natural  current  (or  its  variation)  of  the  nerve  and  not  of  the 
muscle,  which  acts  as  a  stimulus. 

The  negative  variation  falls  entirely  within  the  latent  period.  It  is 
over  and  gone  before  the  actual  shortening  commences.  It  is  in  fact 
a  token  of  something  like  a  nervous  impulse  passing  over  the  muscular 
fibre  as  a  forerunner  of  the  events  which  lead  to  a  change  of  form. 

Bernstein^  has  studied  tbe  history  of  this  negative  variation  in 
muscle.  He  finds  that  it,  like  the  n^ative  variation  in  the  nerve,  travels 
in  the  form  of  a  wave,  with  a  velocity  of  about  3  metres.  It  is  about  -^ 
second  in  passing  over  any  given  point,  and  therefore  has  a  wave-length  of 
about  10  mm.    Compared  with  the  nerve-wave,  therefore,  it  is  much  shorter 
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and  slower.  These  results  were  obtained  bj  stimulating  directly  one  end 
of  a  long  muscle  poisoned  with  urari  in  order  to  eliminate  the  nerves 
(see  p.  35).  The  impulse  then  travelled  away  from  the  end  stimulated 
along  the  whole  length  of  the  muscle.  (When  the  muscle  is  stimulated 
through  a  nerve,  the  impulse  starts  from  the  end-plates^  often  situated  in 
tlie  middle  of  a  fibre,  and  prooeeds  in  both  directions,  up  and  down.  Such 
a  condition  would  be  most  unfavourable  for  studying  the  progress  of  the 
impulaa)  We  learn  from  this  that  t^ere  passes  over  the  muscle,  in  the 
latent  period  before  any  change  of  form  takes  place,  an  impulse-wave,  not 
unlike  a  nervous  impulse  and  yet  distinctly  differing  from  it.  In  its  steep- 
ness and  sluggishness  the  wave  foreshado^itrs  the  motor  changes  it  is  about 
to  inaugurate. 

Contrary  to  the  case  of  a  nerve,  Bernstein  found  that^  in  a  muscle, 
when  the  natural  current  was  obtained  by  help  of  an  artificial  transverse 
section,  the  deflection  indicating  the  negative  variation  never  exceeded  the 
deflection  of  the  natural  current  The  effsct  of  the  natural  current  might  be 
reduced  to  nil,  but  the  needle  was  never  carried,  as  it  might  be  in  a  nerve, 
a  long  way  the  other  side  of  zero. 

2.  CShange  of  Form.  At  tlie  close  of  the  latent  period  the 
muscle  shortens,  that  is,  each  fibre  shortens,  at  first  slowly,  then 
more  rapidly,  and  lastly  more  slowly  again.  The  shortening  (which 
in  severe  tetanus  may  amount  to  three-fifths  of  the  length  of  the 
muscle)  is  accompanied  by  an  almost  exactly  corresponding  thicken- 
ing, so  that  there  is  hardly  any  actual  change  in  balk.  If  a  muscle 
be  placed  horizontally,  and  a  lever  laid  upon  it,  the  thickening  of  the 
muscle  will  raise  Up  the  le^er,  and  cause  it  to  describe  on  a 
rdfeording  surface  a  curve  exactly  like  that  described  by  a  lever 
attached  to  the  end  of  the  muscle.  There  appears  to  be  a  minute 
diminution  of  bulk  not  amounting  to  more  than  one  thousandth. 

If  a  long  muscle  of  parallel  fibres,  poisoned  with  urari,  so  as  to  eliminate 
the  action  of  its  nerves,  be  stimulated  at  one  end,  the  contraction  may  be 
seen,  almost  with  the  naked  eye,  to  start  from  the  end  stimulated,  and  to 
travel  along  the  muscle.  If  two  levers  be  made  to  rest  on,  or  be  suspended 
from  two  points  of  such  a  muscle  placed  horizontally,  the  points  being 
at  a  known  distance  from  each  other  and  from  the  point  stimulated,  the 
progress  of  the  contraction  may  be  studied.  It  is  found  that  the  con- 
traction, like  the  preceding  impulse,  passes  along  the  muscle  in  the  form 
of  the  wave,  with  a  velocity  in  the  frog  of  about  3  or  4  (3*869)  metres  in  a 
second ;  its  duration  at  any  given  point  varies  from  *0533  to  *0984,  and 
hence  it  possesses  a  wave-leugth  of  from  198 — 380  mm.  This  statement  is 
taken  from  Bernstein'.  Hermann'  makes  the  rate  about  3  metres.  Aeby 
previously  had  given  '8 — 1*2  metres  per  sec.,  and  Engelmann  1*17  m.  per 
sec.  as  the  velocity.  The  slowness  and  the  enormous  length  of  this  con- 
traction-wave place  it  in  strong  contrast  with  the  impulse-wave.  Seeing  that 
the  extreme  limit  of  the  length  of  a  muscular  fibre  is  about  3  to  4  cm.,  it  is 
evident  that  in  an  ordinary  contraction,  even  when  the  stimulation  begins 
at  one  end,  the  whole  fibre  is  not  only  in  a  state  of  contraction  at  the  same 

1  Op.  cit.     See  alio  Dn  Bois-Beymond's  Arehiv^  1875,  520, 
'  l^figer's  ArtHv,  z.  (1875),  48. 
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time,  bnt  almost  in  the  same  phase  of  the  contraction-waye.  Still  more  is 
this  the  case  when,  as  in  ordinary  stimulation  through  a  nerve,  the  con- 
traction begins  at  or  near  the  middle  of  a  fibre  in  an  end-plate,  or  at  two 
points  (end-plates)  of  the  same  fibre  at  the  same  time.  Nevertheless  the 
length  of  the  contraction-wave  must  vary  within  very  wide  limits.  Thus 
in  muscles  examined  imder  the  microscope  exceedingly  short  waves  occupy- 
ing only  a  small  portion  of  the  length  of  a  fibre  are  frequently  witnessed. 
These  however  may  be  regarded  as  the  abnormal  results  of  exhaustion  and 
commencing  death« 

A  muscle  in  the  body,  or  one  out  of  the  body  when  sufficiently 
loaded,  returns  after  the  contraction  completely  to  its  former  length. 
Out  of  the  body  and  unloaded,  it  generally  falls  somewhat  short  of  this. 

The  other  changes  in  muscle  are  of  a  kind  which  cannot  be 
restricted  to  any  exact  period  of  the  whole  event,  and  as  a  rule  are 
much  more  distinctly  recognised  as  the  result  of  tetanus  than  of  a 
single  spasm. 

3.  Physical  changes  other  than  electrical  During  a  contrac- 
tion the  temperature  of  the  muscle  rises.  This  may  be  ascertained 
with  a  thermopile  and  galvanometer ;  a  delicate  thermometer  plunged 
into  the  midst  of  the  muscles  of  the  thigh  of  a  frog,  will  also 
indicate  a  rise  of  temperature  when  these  are  tetanised.  In  a  frog's 
muscle,  the  rise  from  a  single  contraction  may,  it  is  stated,  reach 
'005®  C;  in  tetahus  it  may  amount  to  'IS®  C. 

The  extensibility  of  the  muscle  is  increased.  Living  muscle  at 
rest  is  very  extensible,  and  its  elasticity  is  very  perfect,  i,e.  after 
extension  it  returns  almost  exactly  to  its  natural  length. 

When  a  muscle  is  extended  by  a  series  of  weights  increasing  in  magni- 
tude, the  ciUTve  (obtained  by  making  the  weights  abscissas  and  the  exten- 
sions ordinates)  is  not  a  straight  line,  as  is  the  case  with  dead  elastic  bodies, 
but  a  hyperbola. 

K  a  muscle  at  rest  be  loaded  with  a  given  weight,  say  50 
grammes,  and  its  extension  observed,  and  be  then  while  unloaded 
thrown  into  tetanus,  and  the  load  applied  during  the  tetanus,  the 
extension  in  the  second  case  will  be  distinctly  greater  than  in  the 
first,  indicating  a  marked  increase  of  extensibility  during  contrcbcUon, 

During  tetanus  a  muscle  gives  out  a  sound,  the  muscular  sound. 
This  may  be  heard  by  applying  the  stethoscope  to  a  muscle  during 
contraction.  It  may  be  also  heard  by  stopping  the  ears,  and  causing 
the  masseter  and  temporal  muscles  to  contract  When  a  muscle  is 
thrown  into  tetanus  by  the  will  or  by  reflex  action  or  by  direct  stimu- 
lation of  the  spinal  cord,  in  fact,  in  any  way  through  the  action  of 
the  central  nervous  system,  the  same  note  is  always  heard,  viz.  one 
indicating  19*5  vibrations  per  second. 

The  note  actually  heai*d  is  one  indicating  39  (36  to  40)  vibrations  per 
sec.     This  is|  however,  an  harmonic  of  the  primary  note  of  the  whole  sound. 
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When  a  muscle  is  thrown  into  tetanus  by  interrupted  shocks 
applied  directly  to  the  nerve  or  to  the  muscle,  the  note  is  the  same 
as  that  of  the  interrupter  determining  the  number  of  the  shocks. 
This  is  naturally  the  case,  since  the  note  of  the  muscle-sound  is 
determined  by  the  rapidity  of  the  spasms  or  vibrations  which  go  to 
make  up  the  tetanus,  and  these  are  determined  by  the  rapidity  with 
which  the  stimulus  is  repeated. 

4.  Chemical  Changes.  Acid  is  set  free.  A  living  muscle  at 
rest  is  in  reaction  neutral,  or,  from  some  remains  of  lymph  adhering  to 
it,  fSdntly^  alkaline.  Tested  by  litmus  paper  it  is  frequently  amphi- 
chroitic,  i.e.  it  will  turn  blue  litmus  red  and  red  litmus  blue, — ^but  the 
change  from  red  to  blue  is  more  marked  than  that  from  blue  to  red. 
If  a  muscle  thus  found  neutral  or  alkaline  be  tetanized  vigorouslv, 
and  its  reaction  then  tested,  it  will  be  found  to  be  most  distinctly 
add.  The  red  colouration  of  the  blue  litmus  thus  obtained  is  per- 
manent, and  cannot  therefore  be  due  to  carbonic  acid.  It  is  probably 
due  to  sarcolactic  acid\ 

Carbonic  acid  is  set  free  in  great  excess.  Blood  in  passing 
through  a  living  mUscle  in  the  body,  from  being  arterial  becomes 
venous,  i.e.  the  muscle  takes  up  oxygen  and  gives  out  carbonic  acid. 
This  it  does  even  when  at  rest ;  during  contraction  the  quantity  of 
carbonic  acid  is  increased  largely.  There  is  also  an  increase  in  the 
assumption  of  oxygen,  but  not  at  all  in  the  ratio  of  the  carbonic  acid 

S'ven  out.  To  this  point  we  shall  return  in  speaking  of  respiration. 
a  muscle,  ex.  gr.  a  frog's  muscle,  removed  from  the  body,  be  sus- 
pended in  an  atmosphere  of  known  composition  containing  oxygen, 
a  steady  consumption  of  oxygen  and  a  steady  production  of  carbonic 
add  continues  to  take  plaoe  for  some  tima  When  the  muscle  is 
tetanized,  a  very  large  increase  in  the  production  of  carbonic  acid  is 
observed,  but  none  or  a  very  slight  one  only  in  the  consumption  of 
oxygen.  A  frog's  muscle  will  continue  to  live  for  a  while  and  to 
contract  vigorously  in  an  atmosphere  perfectly  free  from  oxygen. 
Now  a  muscle  contains  in  itself  no  free  or  loosely  combined  oxygen 
such  as  would  serve  for  its  own  oxidation.  When  a  frog's  muscle  is 
subjected  to  the  action  of  a  mercurial  air-pump,  no  oxygen  can  be 
extracted  from  it.  In  this  respect  muscle  differs  markedly  from 
blood,  which,  as  we  shall  see  in  dealing  with  respiration,  gives  up  a  very 
considerable  quantity  of  oxygen  to  a  vacuum.  Hence  when  a  muscle, 
itself  containing  no  free  or  available  oxygen,  contracts  in  an  atmo- 
sphere also  free  from  oxygen,  it  is  evident  that  during  the  contraction 
no  direct  oxidation  takes  place.  Nevertheless  the  production  of 
carbonic  acid  as  the  result  of  contraction  goes  on  all  the  same.  From 
this  it  is  clear  that  the  carbonic  acid  which  is  produced  during 
contraction,  cannot  come  from  the  direct  oxidation  of  any  carbon 
compounds.  It  probably  has  its  source  in  the  splitting  up  of  some 
complex  bodies,  and  the  great  parallelism  which  is  found  between 

^  See  p.  84. 
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the  amonnt  of  carbonic  acid  and  of  sarcolactic  acid  formed  suggests 
the  idea  that  they  have  a  common  origin. 

The  other  chemical  changes  in  muscle  have  not  been  clearly  made 

out. 

Helmholtz  shewed  long  ago  that  by  continued  contraction  the  suV 
stances  in  muscle  which  are  soluble  in  water,  i,e,  the  aqueous  extractiyeSy  are 
diminished,  while  those  which  are  soluble  in  alcohol  are  increased.  In 
other  words,  during  contraction  some  substance  or  substances  soluble  in 
water  are  converted  into  another  or  other  substances  insoluble  in  water  but 
soluble  in  alcohoL  Eanke^  concluded  from  his  observations  that  the 
proteids  are  slightly  diminished,  and  that  sugar  and  &ts  are  produced; 
but  the  data  for  these  conclusions  are,  at  present  at  all  events,  insufficient. 
It  has  been  suggested  that  the  glycogen  naturally  present  in  muscle  is 
during  contraction  converted  into  sugar.  The  failure  to  obtain  any  satis- 
factory evidence  of  the  production  of  nitrogenous  crystalline  bodies  as  the 
result  of  contraction  is  of  interest;  for  though  urea  is  conspicuous  by  its 
absence  from  muscle  both  during  rest  and  after  contraction,  some  observers 
have  thought  that  the  kreatin  in  muscle  is  increased  by  contraction:  this 
has  not  been  definitely  proved. 

Putting  all  these  facts  together,  the  foUowiog  may  be  taken  as  a 
brief  approximate  history  of  what  takes  place  in  a  muscle  and 
nerve  when  the  latter  is  subjected  to  a  single  induction-shock.  At 
the  instant  of  the  inducea  current  passing  through  the  nerve, 
changes  occur,  of  whose  nature  we  know  nothing  certain  except  that 
they  occasion  a  negative  variation  of  the  natural  nerve-current. 
These  changes  propagate  themselves  along  the  nerve  in  both  direc- 
tions as  a  nervous  impulse  in  the  form  of  a  wave,  having  a  wave- 
length of  about  18  mm.,  and  a  velocity  (in  frog's  nerve)  of  about  28  m* 
per  sec.  Passing  down  the  nerve-fibres  to  the  muscle,  flowing  along 
the  branching  and  narrowing  tracts,  the  wave  at  last  breaks  on  the 
end-plates  of  the  fibres  of  the  muscle.  Here  it  is  transmuted  into  a 
muscle-impulse,  with  a  shorter  steeper  wave,  and  a  markedly  dimin- 
ished velocity  (about  3  m.  per  sec.)*  This  muscle-impuLse,  of  which  we 
know  hardly  more  than  that  it  is  marked  by  a  negative  variation  in 
the  muscle-current,  travels  from  each  end-plate  in  both  directions  to 
the  end  of  the  fibre.  What  there  becomes  of  it  we  do  not  know,  but  it 
is  immediately  followed  by  the  visible  contraction-wave,  travelling 
behind  it  at  about  the  same  rate,  but  with  a  vastly  increased  wave- 
length. The  fibre,  as  the  wave  passes  over  it,  swells  and  shortens, 
bringing  its  two  ends  together,  its  molecules  during  the  change  of 
form  arranging  themselves  in  such  a  way  that  the  extensibility  of  the 
fibre  is  increased,  while  at  the  same  time  an  explosive  decomposition 
of  material  tokes  place,  leading  to  a  burst  of  carbonic  and  sarcolactic 
.{M^ids,  and  probably  of  other  unknown  things,  with  a  considerable 
development  of  heat. 

^  Tetanui,  1865. 
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The  nature  of  the  changes  through  which  an  electric  current  is 

(Me  to  generate  a  nervous  impulse. 

Action  of  fhe  Constant  Current.    There  now  comes  before  us 

the  question,  In  what  way  is  an  induction-shock,  single  or  repeated, 
thus  able  to  generate  a  nervous  impulse  or  impulses  ?  In  an  induc- 
tion-shock we  have  a  galvanic  current  of  short  duration,  possessing 
certain  characters  of  its  own.  What  happens  when  a  constant  ga,U 
vanic  current  is  sent  into  a  nerve  direct  from  the  battery?  On 
examination  the  results,  as  far  as  muscular  contraction  is  concerned^ 
are  found  to  vary  considerably  according  to  circumstances.  Thus  a 
contraction,  a  single  spasm,  may  be  witnessed  when  the  current  is 
made  (thrown  into  the  nerve),  or  when  it  is  broken  (taken  away 
from  the  nerve),  or  at  both  events.  Under  certain  conditions  of  the 
nerve  and  muscle  a  strong  constant  current  may  produce  at  making 
or  breaking,  not  a  simple  spasm,  but  a  prolonged  and  pronounced 
tetanus.  This  when  it  occurs  is  spoken  of  as  the  '  making  tetanus ' 
or  '  breaking  tetanus.'  These  however  are  exceptional ;  and  as  a 
general  rule  it  may  be  stated,  while  the  current  is  passing,  provided 
that  its  intensity  remains  uniform,  no  contraction  is  produced.  It 
requires  either  a  sudden  increase  or  a  sudden  decrease  in  the  in- 
tensity (make  and  break  being  themselves  a  maximum  increase  and 
decrease),  in  order  to  generate  a  nervous  impulse,  and  so  to  produce 
a  contraction. 

ElectrotonnSk  Nevertheless,  even  in  the  absence  of  all  contract 
tions,  the  nerve,  both  between  and  beyond  the  electrodes,  is,  during 
the  passage  of  the  constant  current,  in  a  peculiar  condition  known 
as  '  electrotonus.'  The  marked  features  of  the  electrotonic  condition 
is  that  the  nerve  though  apparently  quiescent  is  changed  in  respect 
to  its  irritability ;  and  that  in  a  different  way  in  the  neighbourhood 
of  the  two  electrodes  respectively.  Suppose  that  on  the  nerve  of  a 
muscle-nerve  prepamtion  are  placed  two  (non-polarisable)  electrodes 
(Fig.  12,  a,  k)  connected  with  a  battery  and  arranged  with  a  key  so 
that  a  constant  current  can  at  pleasure  be  thrown  into  or  shut  off 
from  the  nerva  This  constant  current,  whose  effects  we  are  about 
to  study,  may  be  called  the  '  polarizing  current*' 

Let  a  be  the  positive  electrode  or  anode,  and  k  the  negative 
electrode  or  kathode,  both  placed  at  some  distance  from  the  muscle, 
and  also  with  a  certain  interval  between  each  other.  At  the  point  x 
let  there  be  applied  a  pair  of  electrodes  connected  with  an  induction- 
machine.  Let  the  muscle  further  be  connected  with  a  lever,  so  that 
its  contractions  can  be  recorded,  and  their  amount  measured.  Before 
the  polarizing  current  is  thrown  into  the  nerve,  let  a  single  induction- 
shocK  of  known  intensity  (a  weak  one  being  chosen,  or  at  least  not 
one  which  would  cause  in  the  muscle  a  maximum  contraction)  be 
thrown  in  at  a.  A  contraction  of  a  certain  amount  will  follow.  That 
contraction  may  be  taken  as  a  measure  of  the  irritability  of  the  nerve 
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Fio.  12.    MuscLE-NBBTB  Pbeparations,  with  the  nerve  exposed  in  ii  to  a  deteending 

and  in  £  to  an  ascending  constant  oorrent. 

In  each  a  is  the  anode,  k  the  kathode  of  the  constant  onrrent.    x  represents  the 
spot  where  the  induction-shocks  used  to  test  the  irritability  of  the  nerre  are  sent  in. 

at  the  point  x.  Now  let  the  polarizing  current  be  thrown  in,  and  let 
the  direction  of  the  current  be  a  descending  one,  with  the  kathode  or 
negative  pole  nearest  the  muscle,  as  in  Fig.  12-4.  If  while  the 
current  is  passing,  the  same  induction-shock  as  before  be  sent 
through  ic,  the  contraction  which  results  will  be  found  to  be  greater 
than  on  the  former  occasion.  If  the  polarizing  current  be  shut  off, 
and  the  point  x  after  a  short  interval  again  tested  with  the  same 
induction-shock,  the  contraction  will  be  no  longer  greater,  but  of  the 
same  amount,  or  perhaps  not  so  great,  as  at  first.  During  the  pas- 
sage of  the  polarizing  current,  therefore,  the  irritability  of  the  nerve 
at  the  point  x  has  been  temporarily  increased,  since  the  same  shock 
applied  to  it  causes  a  greater  contraction  in  the  muscle  than  in  the 
absence  of  the  current.  But  this  is  only  true  so  long  as  the  polar- 
izing current  is  a  descending  one,  so  long  as  the  point  x  lies  on  the 
iside  of  the  kathode.  On  the  other  hand,  if  the  polarizing  current 
had  been  an  ascending  one,  with  the  anode  or  positive  pole  nearest 
the  muscle,  as  in  Fig.  12  B,  the  irritability  of  the  nerve  at  x  would 
have  been  found  to  be  diminished  instead  of  increased  by  the 
polarizing  current.  That  is  to  say,  that  when  a  constant  current 
is  applied  to  a  nerve,  the  irritability  of  the  nerve  between  the 
polarizing  electrodes  and  the  muscle  is  increased  when  the  kathode 
IS  nearest  the  muscle  (and  the  polarizing  current  descendiDg) 
and  diminished  when  the  anode  is  nearest  the  muscle  (and  the 
polarizing  current  ascending)  during  the  passage  of  the  current.  The 
'  same  result,  mutatis  mutandis,  and  with  some  qualifications  to  be 
referred  to  directly,  would  be  gained  if  x  were  placed  not  between 
the  muscle  and  the  polarizing .  current,  but  on  the  far  side  of  the 
latter.     Hence  it  may  be  stated  generally  that  during  the  passage 
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of  a  constant  current  through  a  nerve  the  irritability  of  the  nerve  is 
increased  in  the  region  of  the  kathode,  and  diminished  in  the  region 
of  the  anode.  The  changes  in  the  nerve  which  give  rise  to  this 
increase  of  irritability  in  the  region  of  the  kathode  are  spoken  of  as 
katdectrotoniLS,  and  the  nerve  is  said  to  be  in  a  katelectrotonic  con- 
dition. Similarly  the  changes  in  the  region  of  the  anode  are  spoken 
of  as  andectrotonvs,  and  the  nerve  is  said  to  be  in  an  anelectrotonic 
condition.  It  is  also  often  usual  to  speak  of  the  katelectrotonic 
increase,  and  anelectrotonic  decrease  of  irritability. 

This  law  remains  true  whatever  be  the  mode  adopted  for  deter* 
mining  the  irritability.  The  result  holds  good  not  only  with  a  single 
induction-shock,  but  also  with  a  tetanizing  intemipted  current,  with 
chemical  and  with  mechanical  stimuli.  The  increase  and  decrease 
of  irritability  are  most  marked  in  the  immediate  neighbourhood  of 
the  electrodes,  but  spread  for  a  considerable  distance  in  either  direc- 
tion in  the  extrapolar  regions.  The  same  modification  is  not  confined 
to  the  extrapolar  region,  but  exists  also  in  the  intrapolar  region.  In 
the  intrapolar  region  there  must  be  of  course  an  indifferent  point, 
where  the  katelectrotonic  increase  merges  into  the  anelectrotonic 
decrease,  and  where  therefore  the  irritability  is  unchanged.  When 
the  polarizing  current  is  a  weak  one,  this  indifferent  point  is  nearer 
the  anode  than  the  kathode,  but  as  the  polarizing  current  increases  in 
intensity,  draws  nearer  and  nearer  the  kathode  (see  Fig.  13). 


Fio.  18.    DuoBAX  iLLUBnuTtMO  THB  Vabutioks  OF  Ibbitabilitt  dubxno  Eleotbo- 

TOHXJS,    WITH  POLABIZIMO  CUBBBNTS  OT  InCBKABINO  INTENSITY  (from  PflUger). 

Hie  ADode  is  supposed  to  be  placed  at  A,  the  kathode  at  B;  AB  is  consequently 
the  intrapolar  district.  In  each  of  the  three  cnrres,  the  portion  of  the  curve  below 
the  base  line  represents  diminished  irritability,  that  above,  increased  irritability. 
V,  represents  the  effect  of  a  weak  current ;  the  indififerent  point  x^  is  near  the  anode  A. 
In  y,,  a  stronger  current,  the  indifferent  point  z^  is  nearer  the  kathode  B,  the  diminu- 
tion of  irritability  in  anelectrotonus  and  the  increase  in  katelectrotonus  being  greater 
than  in  y, ;  the  effect  also  spreads  for  a  greater  distance  along  the  extrapolar  regions 
in  both  directions.    In  y,  the  same  events  are  seen  to  be  still  more  marked. 

The  katelectrotonic  increase  and  anelectrotonic  decrease  reach  a 
maximum  soon  after  the  making  of  the  polarizing  current,  and 
thenceforward  graducJly  diminish.  The  two  eflfects  however  are  not 
quite  parallel.  The  katelectrotonic  increase  is  the  first  to  be  de- 
▼elopeo;    it  rapidly  rises  to  a  maximum  and  somewhat  rapidly 
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declines.  The  anelectrotonic  decrease  is  not  manifest  at  first;  when 
it  does  appear  it  increases  slowly,  and  havinc:  reached  a  maximum 
diminishes^wly  again.  ^  * 

When  the  polarizing  current  is  shut  off  there  is  a  rehound  at  either 
pole;  a  temporary  increase  of  irritability  in  the  anelectrotonic  and  a  tem- 
porary decrease  in  the  katelectrotonic  regions. 

The  amount  of  increase  and  decrease  is  dependent :  (1)  On  the 
strength  of  the  current,  the  stronger  current  up  to  a  certain  limit 
producing  the  greater  effect.  (2)  On  the  irritability  of  the  nerve,  the 
more  irritable,  better  conditioned  nerve  being  the  more  affected  by  a 
current  of  the  same  intensity. 

The  increase  or  decrease  of  irritability  applies  not  only  to  the 
origination  of  impulses,  but  also  to  their  propagation  or  conduction. 
At  least  anelectrotonus  offers  an  obstacle  to  the  passage  of  a  nervous 
impulse. 

These  variations  of  irritability  at  the  kathode  and  anode  respec- 
tively must  be  the  result  of  molecular  changes,  brought  about  by  the 
action  of  the  constant  current.  We  are  not  at  present  able  to  say 
what  those  molecular  changes  are,  but  we  have  evidence  of  physical 
phenomena  accompanying  and  probably  connected  with  the  physuh 
logical  phenomena  just  described. 

Durmg  the  passage  of  a  constant  current  through  a  nerve, 
variations  in  the  electric  currents  of  the  nerve  analogous  in  many 
respects  to  the  variations  of  the  irritability  of  the  nerve  may  be 
witnessed.  Thus  if  a  constant  current  supplied  by  the  battery 
P  (Fig.  14)  be  applied  to  a  piece  of  nerve  by  means  of  two  non- 
polarisable  electrodes  p,  p\  the  currents  obtainable  from  various 
points  of  the  nerve  will  be  different  during  the  passage  of  the  polariz- 
ing current  from  those  which  were  manifest  before  or  after  the  current 
was  applied ;  and,  moreover,  the  changes  in  the  nerve-currents  pro- 
duced by  the  polarizing  current  will  not  be  the  same  in  the  neigh- 
bourhood of  the  anode  (p)  as  those  in  the  neighbourhood  of  the  kathode 
(p').  Thus  let  0  and  If  be  two  galvanometers  so  connected  with  the 
two  ends  of  the  nerve  as  to  obtain  good  and  clear  evidence  of  the 
natural  nerve-currents.  Before  the  polarizing  current  is  thrown  into  the 
nerve,  the  needle  of  JjT  will  occupy  a  position  indicating  the  passage  of 
a  current  of  a  certain  intensity  from  h  to  h'  through  the  galvanometer 
(from  the  positive  longitudinsd  surface  to  the  negative  cut  end  of  the 
nerve),  the  circuit  being  completed  by  a  current  in  the  nerve  from 
h'  to  h,  i,e,  the  current  will  flow  in  the  direction  of  the  arrow. 
Similarly  the  needle  of  O  will  by  its  deflection  indicate  the  existence 
of  a  current  flowing  from  g  to  g'  through  the  galvanometer,  and 
from  g'  to  g  through  the  nerve,  in  the  direction  of  the  arrow. 

At  the  instant  that  the  polarizing  current  is  thrown  into  the 
nerve  at  pp\  the  currents  at  gg,  hK  will  suffer  a  negative  variation 
corresponding  to  the  nervous  impulse,  which,  at  the  making  of  the 
polarizing  current,  passes  in  both  directions  along  the  nerve,  and  may. 
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FlO.   14.      DlAORAX  ILLUSTRATING  ElBCTBOTONUS. 

P  the  polarising  battery,  with  k  a  key,  p  the  anode,  and  p'  the  kathode.  At  the  left  end 
of  the  piece  of  nerve  the  natural  oorrent  flows  through  the  galvanometer  G  from 
gXog^^ia  the  direction  of  the  arrows  ;  its  direction  therefore  is  the  same  as  that 
of  the  polarizing  current ;  consequently  it  appears  increased  as  indicated  by  the 
Bign  -f  .  The  current  at  the  other  end  of  the  piece  of  nerve,  from  h  to  h\  through 
the  galvanometer  H^  flows  in  a  contrary  direction  to  the  polarizing  current ;  it 
eonaequently  appears  to  be  diminished,  as  indicated  by  the  sign  -  • 

N.B.  For  simplicity's  sake,  the  polarizing  current  is  here  supposed  to  be  thrown 
in  at  the  middle  of  a  piece  of  nerve,-  and  the  galvanometer  placed  at  the  two  ends.  Of 
eourse  it  will  be  understood  that  the  former  may  be  thrown  in  anywhere,  and  the 
latter  oonneoted  with  any  two  pairs  of  points  which  will  give  currents. 

cause  a  contraction  in  the  attached  muscle.  The  negative  variation 
ia,  as  we  have  seen  (p.  54),  of  extremely  short  duration,  it  is  over 
and  gone  in  a  small  fraction  of. a  second.  It  therefore  has  nothing 
to  do  with  a  permanent  effect  which,  in  the  case  we  are  dealing  with, 
is  observed  in  both  galvanometers.  This  effect,  which  is  dependent 
on  the  direction  of  tne  polarizing  current,  is  as  follows :  Supposing 
that  the  polarizing  current  is  flowing  in  the  direction  of  the  arrow 
in  the  figure,  and  therefore  passing  in  the  nerve  from  the  positive 
electrode  or  anode  p  to  the  negative  electrode  or  kathode  p\  it  is 
found  that  the  current  through  the  galvanometer  O  is  increased, 
while  that  through  H  is  diminished.  We  may  explain  this  result  by 
saying  that  the  polarizing  current  has  developed  in  the  nerve  outside 
the  electrodes  a  new  current,  the  '  elcctrotonic '  current,  having  U\^ 
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same  direction  as  itself,  which  adds  to,  or  takes  away  from,  the 
natural  nen-e-current,  according  as  it  is  flowing  in  the  same  direction 
or  in  an  opposite  one. 

The  strength  of  the  electrotonic  current  is  dependent  on  the 
strength  of  the  polarizing  current^  on  the  length  of  the  intrapolar 
region  which  is  exposed  to  the  polarizing  current,  and  on  the  irri- 
tability or  vital  condition  of  the  nerve.  A  dead  nerve  will  not 
manifest  an  electrotonic  current,  and  the  propagation  of  die  elec- 
trotonic current  is  stopped  by  a  ligature ;  the  current  is  therefore 
a  vital  not  a  mere  physical  phenomenon,  and  the  effects  produced  on 
the  galvanometer  are  certsonly  not  in  any  way  due  to  a  mere  escape 
of  the  polarizing  current  along  the  nerve. 

The  application  of  the  constant  current  then  throws  a  nerve, 
during  its  passage,  into  a  peculiar  condition  characterized  by  the 
appearance  of  a  new  (electrotonic)  current.  This  we  mav  speak  of 
as  a  physical  electrotonus  analogous  to  that  physiological  electrotonus 
which  is  made  known  by  variations  in  irritability.  And  the  general 
laws  of  the  one  are  so  parallel  to  those  of  the  other  that  it  seems 
difficult  not  to  suppose  that  they  are  fundamentally  connected.  In 
the  example  given  above,  which  was  chosen  for  its  simplicity,  the 
electrotonic  current  diminishes  the  effect  of  the  natural  nerve-current 
in  the  neighbourhood  of  the  kathode,  where,  as  we  have  seen»  irrita- 
bility is  increased,  and  increases  the  effect  of  the  natural  nerve- 
current  in  the  neighbourhood  of  the  anode,  where,  as  we  have  seen, 
irritability  is  diminished.  But  an  electrotonic  current  may  make  its 
appearance  when  the  electrodes  of  the  galvanometer  are  so  disposed 
that  no  natural  current  is  indicated,  and  therefore  we  cannot  speak 
of  the  natural  current  being  either  increased  or  diminished.  More- 
over, the  electrodes  of  the  galvanometer  may  be  so  placed  in  reference 
to  the  polarizing  current  (as  for  instance  when  the  polarizing  current 
is  brought  to  bear  entirely  on  one  side  of  the  equator  of  a  piece  of 
nerve)  that  the  natural  current  may  appear  to  be  increased  at  the 
kathode,  and  diminished  at  the  anode.  It  is  best  in  fact  to  consider 
the  electrotonic  current  as  distinct  from  the  natural  current.  And 
since  there  are  differences  obsen*able  between  the  effects  at  the 
katluxle  and  those  at  the  anode,  irrespective  of  the  natural  currentjs, 
we  may  ei>nii>lot<^  the  analogy  of  the  physical  with  the  physiological 
electrotonus  l>y  8|H>iUviug  of  a  katelectrotonic  current  and  an  anelec* 
tn>tonio  oumnit, 

Tho  kat4«livlMonio  on  iron  t^  like  the  katelectrotonic  increase  of  irrita- 
Inlity.  riiH^s  vory  mpiilly  (almost  immctliatelv)  to  a  maximum  and  theJi 
8|KHHlily  tlivliuf'M.  Tho  AneKvti»tonic  current,  like  the  anelectrotonic 
dtvixNiw*  of  irn(j»Uili<y,  vxnvn  rIowIv  to  a  maximum  and  slowly  declines. 
Aiul  i;(*iH*niny  i\\o  kit  toll  vtnUouio  curnMit  is  loss  than  the  anelectrotonic. 

Tho  oUvt-ittiuulivo  1*onv  of  tho  oU^ctrotonic  current  may  be  much 
gn»:itor  tlmii  ihnt  i>f  tlin  n:ilural  uorvr-i'arrtM\U  so  that  when  ihe  latter  in 
u\t\MMtiH\  in  flinvtiou  to  tho  foniior,  the  u^hMIo  of  the  galvanometer  may  be 
— ttiihI  a  (MhstidotithU^  iliMtiuuH'  l»ovou<l  toiw     There  are  difficulties  in  the 
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wmy  of  estinmtixig  the  foroe  exactly,  but  Da  Bois-Reymond'  gives  as  an 
instanoa  an  electromotiTe  force  of  *5  Daniell  for  the  aneleotrotonic  and  05 
Daniell  iot  the  kateleotrotonic  currentw 

There  are  practical  difficulties  in  the  way  of  demonstrating  the  exist- 
ence of  an  electrotonic  current^  in  the  intrapolar  regions  between  the 
polarising  electrodes;  and  some  observers  maintain  that  it  is  in  reality 
absent  £rom  this  r^on,  and  confined  entirely  to  the  extrapolar  districts. 
It  spreads,  with  a  diminution  in  intensity,  for  some  distance  along  the 
extntpolar  districts  in  both  directions. 

When  the  polarizing  current  is  broken  there  is  a  rebound  in  the 
c^posite  direction,  the  natural  current  previously  diminished  or  increased 
bemg  for  a  brief  period  increased  or  diminished.  According  to  Hermann 
there  is  no  such  rebound  at  the  kathode  in  the  extrapolar  region,  the  current 
developed  on  breaking  having  here  the  same  direction  as  previously. 

Though  the  appearance  of  the  negative  variation  of  the  natural 
current  is  so  marked  a  feature  of  a  muscular  contraction,  no  electro- 
tonic  currents  whatever  can  be  discovered  in  a  muscle  when  a 
constant  current  is  applied  to  it. 

This  presents  a  difficulty,  from  which  however  we  may  escape  by 
tiqipcsing  that  both  in  a  muscle  and  in  a  nerve  electrotonic  currents,  tJiough 
not  demonstrable,  are  originated  in  the  intrapolar  region,  but  that  in  a 
muscle,  unlike  the  case  of  a  nerve,  certain  obstacles  exist  which  prevent 
the  propagation  of  the  electrotonic  current  from  the  intrapolar  region, 
(whcn«  they  cannot  be  shewn)  to  the  extrapolar  regions  (where  if  present 
they  might  easily  be  detected). 

Law  of  ContractioiL  At  the  making  of  a  constant  current,  then, 
there  is  set  up  a  condition  of  katelectrotonus  and  of  anelectrotonus ; 
on  the  breaking  of  the  current  these  conditions  with  more  or  less 
rebound  disappear.  What  have  these  changes  to  do  with  the  gene* 
ration  of  nervous  impulses  ? 

It  has  already  been  stated  that  when  a  constant  current  is  applied 
to  a  nerve,  a  contraction  is  caused  in  the  muscle,  %,e.  a  nervous 
impulse  is  started  in  the  nerve,  either  at  the  make  or  at  the  break, 
or  at  both.  On  further  examination  it  is  found  that  the  occurrence 
or  non-oocurrence  of  a  contraction  depends  on  the  direction  {i,e.  whe- 
ther descending  with  the  kathode  nearest  the  muscle,  Fig.  12  A,  or 
ascending  with  the  anode  nearest  the  muscle,  Fig.  12  B)  and  intensity 
of  the  current.  The  results  have  been  formulated  in  the  following 
'  law  of  contraction.' 

Descending.  Ascending. 

Make   Break         Make   Break 

Very  Weak  C  —  —  — 

Weak  C  —  C  — 

Mod,  0  C  C  C 

Strong  C  —  ^  C 

where  C  indicates  a  contraction.  This  law  becomes  intelligible  if 
we  suppose  that  nervous  impulses  are  originated  only  by  the  rise  of 

^  QcMomU  Abhandl  n.  260. 
F.  P.  6 
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katelectrotonus  and  by  the  fall  of  anelectrotonus,  and  not  at  all 
by  the  rise  of  anelectrotontis,  or  by  the  fifidl  of  katelectrotonus, 
or  by  the  steady  maintenance  of  either.  Bemembering  that  in 
katelectrotonus  irritability  is  increased  and  in  anelectrotonus  dimin- 
ished, we  may  formulate  the  law  as  foUows :  a  nervous  impulse  is 
generated  at  any  point  of  a  nerve  when  there  is  a  sudden  change 
from  a  phase  of  lower  to  one  of  higher  irritability,  as  from  the 
normal  condition  to  katelectrotonus  or  from  anelectrotonus  to  the 
normal  condition.  We  must  however  further  suppose  diat  the  ri^ 
of  katelectrotonus  more  readily  gives  rise  to  an  impulse,  or  gives  rise 
to  a  larger  impulse,  than  does  the  fall  of  anelectrotonus,  and  that  the 
condition  of  anelectrotonus,  especially  when  pronounced,  is  an  obstacle 
t<>  the  passage  towards  the  muscle  of  impulses  originating  on  the  side 
away  from  the  muscle.  Thus  with  weak  currents,  a  contraction 
occurs  only  at  the  make,  at  the  rise  of  katelectrotonus,  of  both  the 
descending  and  ascending  currents.  But  the  contraction  is  easier 
to  get  with  the  descending  than  with  the  ascending  current,  because 
in  the  latter  the  impulse  started  at  the  kathode  has  to  pass  through 
an  anelectrotonic  region  before  it  can  arrive  at  the  muscle.  With 
a  moderate  current,  as  for  instance  with  a  single  Daniell  acting  as  the 
source  of  the  current,  there  is  a  contraction  both  at  the  make  and  at 
the  break  of  both  ascending  and  descending  currents;  the  fall  of 
anelectrotonus  here  is  able,  as  well  as  the  rise  of  katelectrotonus, 
to  originate  a  nervous  impulse.  Lastly,  when  the  current  is  veiy 
strong,  as  that  for  instance  of  two  or  more  Groves,  making  the 
ascending  current  produces  no  contraction,  because  the  anelectrotonus 
round  the  anode  blocks  the  impulse  starting  from  the  kathoda  The 
fall  of  anelectrotonus  however  at  the  anode,  there  being  nothing 
between  it  and  the  muscle,  does  cause  a  contraction.  With  the 
descending  current  the  rise  of  katelectrotonus  produces  a  making 
contraction,  but  there  is  no  breaking  contraction ;  the  absence  of  the 
latter  may  be  accounted  for,  partly  by  the  strong  current  depressing 
the  irritability,  and  especially  the  conductivity  of  the  intrapolitf 
nerve,  and  partly  perhaps  by  supposing  that  the  disappearance  of 
katelectrotonus  at  the  kathode,  occurring  as  it  does  in  a  part  lying 
between  the  anode  and  the  muscle,  serves  to  block  the  downwaid 
progress  of  the  impulse  started  by  the  fall  of  anelectrotonus  at  the 
anode. 

This  blocking  of  nervous  impulses  by  the  defective  conduction  caused 
in  anelectrotonus,  is  the  reason  why  in  testing  the  variations  of  irritability 
in  anelectrotonus  and  katelectrotonus  it  is  preferable  to  apply  the  stimulus 
between  the  muscle  and  the  polarizing  current. 

It  has  already  been  stated  that  in  many  cases  the  making  or  breaking 
of  a  constant  current  gives  rise  not  to  a  single  spasm  only  but  to  a  pro> 
nounced  tetanus,  often  spoken  of  as  the  making  or  breaking  tetanus.  Of 
these  two  the  most  common  is  the  breaking  tetanus,  or  Bitterns  tetanuSy 
which  appears  when  a  strong  current  has  been  applied  for  some  time  to  a 
nerve.     It  is  developed  most  readily  and  lasts  longest  after  the  application 


CsAP.  n.]  THE  CONTRACTILE  TISSUES.  67 

of  ftn  asoending  carrent^  but  may  also  make  its  appearance  with  a  descend- 
iqg  current.  When  it  manifests  itself  it  may  be  at  once  diminished  or 
suspended  altogether  by  applying  the  same  current  in  the  same  direction. 
It  is  increased  by  applying  the  current  in  an  opposite  direction.  The 
making  tetanus  is  seen  wiUi  currents  of  a  certain  intensity  ouly,  being 
absent  with  those  of  less  or  greater  strength.  Both  forms  are  due  to  pro- 
found electrolytic  changes  in  the  nerve,  those  of  the  making  tetanus  being 
€f  a  katelectcotonii^  and  those  of  the  breaking  tetanus  of  an  anelectrotonic 
ehaiacter. 

We  can  now  understand  why  a  single  inductive-shock  produces  a 
single  spasm;  for  a  single  induction-shock  is  the  application  of  a 
current  of  exceedingly  short  duration,  in  which  the  brexUc  is  separated 
firom'the  make  by  so  very  small  an  interval,  that  one  only  contraction 
has  lime  to  be  developea.  This  may  be  the  result  of  a  rise  of  katelec- 
trotonus  alone,  or  of  that  and  of  the  fall  of  anelectrotonus  fused  into 
one.  Moreover,  the  induced  current  is  developed  very  rapidly  and 
disappears  slowly.  Hence  it  is  more  potent  as  a  stimulus  in  its  ap- 
pearance than  in  its  disappearance;  ana  in  the  case  of  weak  currents 
the  disappearance  may  be  disregarded  as  far  as  stimulation  is  con- 
cerned, so  that  the  effect  of  the  induced  current  may  be  looked  upon 
as  equivalent  to  that  resulting  from  the  making  of  a  constant  current, 
f.0.  a  rise  of  katelectrotonus  only.  This  is  true  of  the  induced  current 
produced  either  by  the  making  or  by  the  breaking  of  a  constant 
current 

The  constant  current  applied  directly  to  a  muscle  from  which  the  purely 
nervous  element  has  been  eliminated  by  urari  poisoning,  has  effects  similar 
to  and  yet  somewhat  different  from  those  which  it  has  upon  a  nerve.  The 
absence  of  electrotonic  currents  has  already  been  referred  to.  The  respective 
efltou^  of  the  rise  of  katelectrotonus  and  the  fall  of  anelectrotonus  in 
firoducing  contraction  are  the  same  as  in  a  nerve.  In  one  respect  the 
muscle  IB  more  striking  and  offers  a  support  of  the  hypothesb  mentioned 
above.  The  making  contraction  may  under  favourable  circumstances  be 
seen  to  start  from  the  kathode  and  the  breaking  contraction  from  the  anode. 
Another  marked  difference  between  muscle  and  nerve  is  that  in  muscle 
the  current  must  act  for  some  appreciable  time  upon  the  tissue  before  it  can 
call  forth  a  contraction.  This  is  what  we  might  expect  from  the  more 
sluggish  nature  of  the  muscular  impulse-wave.  Hence  muscular  tissue 
which  has  lost  its  nervous  elements  or  does  not  possess  them,  is  far  less 
readily  affected  by  the  rapid  induction-shocks  than  are  nerves. 

During  the  passage  of  a  constant  current  the  muscle  is  thrown  into  a 
tetanus,  which  however  may  be  sufficiently  weak  to  permit  the 
simple  make  and  break  contractions  to  be  readily  observed  \  Very  fre- 
quently this  tetanus  changes  into  a  regular  rhythmic  pulsation  if  the  intra- 
muscular nerves  be  intact 

1  Bomanes,  Journal  of  AnaU  and  Phy$.  x«  p.  707. 
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Circumstances  affecting  the  amount  and  character  of  the  contrcuUion. 

1.  Nature  of  the  stimnluB.  A  mechanical  stimulus  in  the  shape 
of  a  single  tap  or  blow,  pinch  or  prick,  may  produce  a  single  spasm,  and 
slight  taps  repeated  regularly  and  rapidly  may  be  used  to  produce  a 
tetanus.  As  a  rule,  however,  the  injury  iidiicted  by  a  mechanical 
stimulus  destroys  the  irritability  of  the  spot  stimulated,  and  so 
prevents  a  repetition  of  the  spasms.  Violent  and  extensive  injury 
may  produce  tetanus.  A  chemical  stimulus  produces  an  irr^ular 
tetanus,  as  does  also  the  sudden  application  of  heat.  A  galvanic 
current  acts,  as  we  have  seen,  as  a  stimulus  when  there  is  a  sudden 
rise  or  fall  in  the  intensity  of  the  current,  making  and  breaking 
being  extreme  cases  of  rise  and  falL  If  the  rise  and  fidl  be  suf- 
ficiently gradual,  a  current  may,  while  still  passing  through  a  nerve, 
be  increased  or  diminished  very  largely  without  any  contraction 
taking  place ;  whereas  a  very  slight,  sudden  rise  or  fall  at  once  gives 
rise  to  one:  the  more  sudden  the  change,  the  greater  the  effect 
Thus  in  single  induction-shocks,  the  breaking  shock,  which  is  de« 
veloped  much  more  rapidly  than  the  making  shock,  is  by  fisur  the 
more  potent  of  the  two.  Of  the  nature  of  the  action  of  organic  or 
vital  stimuli  we  know  very  little. 

2.  Application  of  a  galvanic  current*  In  order  that  a  galvanic 
current  of  any  kind  may  call  forth  a  contraction,  some  appreciable 
length  of  nerve  must  be  placed  between  the  electrodes.  If  the 
current  simply  be  sent  transversely  through  a  nerve,  little  or  no 
contraction  tsdces  place.  With  the  same  strength  of  current^  the 
longer  the  piece  of  nerve,  the  greater  the  contraction. 

This  is  said  to  be  true  of  the  descending  but  not  of  the  ascending  con- 
stant current,  and  the  results  are  more  constant  with  the  making  than  the 
breaking  of  the  current^ 

In  the  case  of  a  single  application  of  a  current,  there  must  be  a  certain 
duration  of  the  application,  varying  with  the  strength  of  the  current; 
otherwise,  no  impulse  or  contraction  will  be  generated.  It  is  said  that  a 
current,  of  whatever  strength,  must  last  at  least  '0015  sec.  in  order  to 
produce  a  contraction*.  And  in  general  the  less  the  duration  of  the  stimulus 
the  slighter  is  the  effect.  Hence  stimuli  which  produce  a  contraction  when 
applied  for  a  given,  though  still  short,  time  may  fail  to  give  rise  to  one 
when  applied  for  a  still  shorter  time,  the  stronger  stimuli  naturally  needing 
the  shorter  duration  of  application  in  order  to  produce  their  effects. 

Hence  also  a  stimulus  of  moderate  strength,  which  when  applied  singly  is 
able  to  call  forth  a  contiuction,  may,  when  repeated  rapidly,  by  means  of  a 
rotation  machine,  instead  of  producing  tetanus,  give  rise  to  no  visible  effect 
at  all.  In  this  case  the  absence  of  effect  is  probably  due  to  the  mechanism 
of  repetition  shortening  the  duration  of  each  individual  shock.  But  over 
and  above  this,  the  meiie  repetition  has  an  effect  of  its  own.     Thus  Helm- 

»  Willy,  Pflttger'8  Archiv,  v.  (1872)  275. 
*  Eonig,  Wien,  Sitzungs-Berichtt  LXix. 
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holii'  baa  sbewii  that  when  an  indaction-ahock  giving  a  maximum  oontitu>T 
tion  is  followed  at  an  interval  of  less  than  i^sec  bj  a  second  shock 
of  equal  strength,  no  second  contraction  appears  at  alL  During  -^j^  sea, 
subsequent  to  the  first  shock  the  muscle  is  absolutely  devoid  of  irritabilitj; 
it  is  in  a  ^refractory  phase"  similar  to  but  much  shorter  than  that  which  is 
80  conspicuous  in  cardiac  muscles.  Hence  if  a  number  of  maximum  induo- 
ti(m-Bhocks  be  sent  into  a  muscle  or  nerve  at  intervals  of  a  little  less  than 
21^  th  8e&  half  the  shocks  sent  in  would  seem  to  be  without  efiectw 
Bernstein'  finds  that  when  induction-shocks  are  repeated  sufficiently  rapidly, 
tetanus  is  absent;  there  is  an  initial  contraction  with  the  first  shock  and 
afto  that  complete  rest.  The  rapidity  necessary  to  produce  this  result 
varies  with  the  strength  of  the  shocks  employed.  The  interpretation  of 
the  results  however  is  not  at  present  clear;  and  Kronecker,  making  use 
of  a  vibrating  rod  as  an  interrupter,  finds  that  tetanus  still  appears,  though 
the  rapidity  of  the  interruptions  be  carried  far  beyond  Bemsteiu's  limit 

3.  Th6  straofi^  of  fhe  cnrrent.  If  the  nerve  of  a  muscle- 
nerve  preparationbe  stimulated  at  intervals  by  currents  of  increasing 
intensity,  beginning  with  those  having  no  effect  at  all,  it  is  found 
that  the  effect,  as  measured  by  the  height  of  the  contraction,  rises 
very  rapidly  to  a  maximum,  and  then  remains  constant. 

4.  The  load*  It  might  be  imagined  that  a  muscle,  which,  when 
loaded  with  a  given  weight,  say  20  grammes,  and  stimulated  by  a 
current  of  a  given  intensity,  had  contracted  to  a  certain  extent,  would 
only  contract  to  half  that  extent  when  loaded  with  twice  the  weight 
(40  grammes)  and  stimulated  with  the  same  stimulus.  Such,  how- 
ever, is  not  the  case;  the  height  to  which  the  weight  is  raised  may  be 
as  great,  or  even  greater,  in  the  second  instance,  than  in  the  first. 
That  is  to  say,  the  resistance  offered  to  the  contraction  actually 
increases  the  contraction,  the  tension  of  the  muscular  fibre  increases 
the  facility  with  which  the  explosive  changes  resulting  in  a  con- 
traction take  place.  And  it  has  been  observed  by  Heidenhain* 
that  tension  applied  to  a  muscle  increases  both  the  chemical  products 
(carbonic  and  lactic  acid)  and  the  rise  of  temperature  which  ac- 
company a  contraction.  There  is,  of  course,  a  limit  to  this  favourable 
action  of  the  resistan(9e.  As  the  load  continues  to  be  increased,  the 
height  of  the  contraction  is  diminished,  and  at  last  a  point  is  reached 
at  which  the  muscle  is  unable  (even  when  the  stimulus  chosen  is  the 
strongest  possible)  to  lift  the  load  at  all. 

It  is  said  that  a  muscle,  loaded  beyond  its  power,  relaxes  and  lengthens 
when  stimulated  instead  of  shortening,  in  consequence  of  that  increase  of 
extensibility  which  is  a  characteristic  of  the  contracted  state.  The  occur- 
rence of  this  lengthening  is  however  doubtful. 

It  is  obvious  that  the  work  done  (height  to  which  the  load  is 
raised  multiplied   into   the   weight   of  the   load)    must   therefore 

^  Berlin,  MonaUberieht,  1854.  *  Op,  cit. 

*  MeehanUehe  LeUttmg,  Wdrmeentwieklung  und  StoffunuatM  bei  der  MtukelthlUig- 
keit,    Leipsig,  1864. 
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be  largely  dependent  on  the  weight  itself.  Thus  there  is  a 
certain  weight  of  load  with  which  in  any  given  muscle,  stimulated 
by  a  given  stimulus,  the  most  work  will  be  done. 

Since  mere  tension  affects  the  changes  going  on  in  the  muscnlar  fibreis 
it  is  desirable  in  experiments  in  which  muscles  are  loaded,  that  the  weight 
should  not  bear  upon  the  lever  until  the  contraction  actually  b^^ins.  This 
is  easily  managed  by  interposing  between  the  eud  of  the  muade  and  the 
weight  a  lever  with  a  support  so  arranged  that,  before  contraction  takes 
place,  the  weight  only  extends  the  muscle  to  the  length  natural  to  it  during 
rest;  but  that  the  muscle  directly  it  shortens  at  once  begins  to  pull  on  the 
weight.    The  muscle  is  then  said  to  be  after-loctded^. 

If  the  weight  be  determined  which  will  stop  a  contraction  when 
applied  directly  the  contraction  begins,  and  also  that  which  stops  a 
contraction  when  applied  at  a  moment  when  the  contraction  is 
already  partly  accomplished,  it  will  be  found  that  the  second  weight 
is  much  less  than  the  first.  It  will  be  found,  in  fact,  that  the  force  of 
a  contraction  is  at  its  maximum  at  the  banning  of  the  shortening, 
and  thenceforwards  declines  until  it  becomes  nothing  when  the 
shortening  is  complete. 


5.  Size  and  Fonn  of  the  Kusde.  Since  all  known  musculari 
fibres  are  much  shorter  than  the  wave-length  of  a  contraction,  it  is 
obvious  that  the  longer  the  fibre,  the  greater  the  height  of  the 
contraction  with  the  same  stimulus.  Hence  in  a  muscle  of  parallel 
fibres,  the  height  to  which  the  load  is  raised  as  the  result  of  a  riven 
stimulus  applied  to  its  nerve,  will  depend  on  the  length  of  the 
fibres,  while  the  weight  of  the  load  so  lifted  will  depend  on  the 
number  of  the  fibres,  since  the  load  is  distributed  among  them.  Of 
two  muscles  therefore  of  equal  length  (and  of  the  same  quality)  the 
most  work  will  be  done  by  that  which  has  the  greater  sectional  area ; 
and  of  two  muscles  with  equal  sectional  areas,  the  most  work  will  be 
done  by  that  which  is  the  longer.  If  the  two  muscles  are  unequal 
both  in  length  and  sectional  area,  the  work  done  will  be  the  greater  in 
the  one  which  has  the  larger  bulk,  which  contains  the  greater  number 
of  cubic  units.  In  speaking  therefore  of  the  maximum  of  work  which 
can  be  done  by  a  muscle,  we  may  use  as  a  standard  a  cubic  unit  of 
bulk,  or,  the  specific  gravity  of  the  muscle  being  the  same,  a  unit  of 
weight.  In  the  case  of  frog's  muscle,  the  maximum  of  work  which 
can  be  done  under  most  favourable  circumstances  has  been  estimated 
by  Fick "  to  vary  between  3  and  7  kilogrammeters  for  1  gnn.  of 
muscle. 

The  weight  which  is  just  sufficient,  but  only  just  sufficient^  to 
keep  a  muscle,  when  stimulated,  from  actually  shortening,  may  be 
taken  as  the  measure  of  the  'absolute  power'  of  the  muscla  It 
must  of  course  be  taken  only  in  relation  to  the  sectional  area  of  the 

^  This  is  perhaps  the  best  equivalent  of  the  Qennan  HberUuteU 
>  Untenuch.  U.  Mutkelarbeit,  Basel,  1867. 
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muscle.  The  absolute  power  of  a  square  centimetre  of  frog's  muscle 
has  been  in  this  way  estimated  at  about  2800  to  3000  grms. :  of  a 
square  centimetre  of  human  muscle  at  6000  to  8000  grms. 

6.  Condition  of  fhe  Nerve.  When  two  pairs  of  electrodes  are 
placed  on  the  nenre  of  a  long  and  a  perfectly  fresh  and  successful  nerve- 
prqMtfation,  one  near  to  the  cut  end,  and  the  other  nearer  the  muscle^ 
it  is  found  that  the  same  stimulus  produces  a  greater  contraction 
when  applied  through  the  former  pair  of  electrodes  than  through  the 
latter.  Two  interpretations  of  this  result  are  possible.  Either  the 
nerve  at  the  part  farther  away  from  the  muscle  is  more  irritable,  %,e. 
that  the  stimulus  gives  rise  at  the  spot  stimulated  to  a  larger  nervous 
impulse;  or  the  impulse  started  at  the  farther  electrodes  gathers 
strength,  like  an  avalanche,  in  its  progress  to  the  muscle.  The  latter 
view  has  been  strongly  urged  by  Pfluger,  and  is  generally  known 
under  the  name  of  the  'avalanche  theory.'  As  far  as  we  know,  how- 
ever,  the  progress  of  the  negative  variation  along  a  nerve  is  marked 
by  no  sucn  increase ;  Du  Bois-Beymond  found  that  the  amount  of 
the  n^ative  variation,  if  it  changed  at  all,  was  slightly  diminished  at 
a  distance  from  the  spot  stimulated.  It  is  probable  that  the  larger 
oontraction  produced  by  stimulation  of  the  portions  of  the  nerve 
near  the  spinal  cord  is  due  to  the  stimulus  setting  free  a  larger 
impulse,  t'e.  to  this  part  of  the  nerve  being  more  irritable. 

The  effect  is  not  dae  to  the  section  merely,  for  it  may  be  witnessed  in 
nerves  still  in  oonnection  with  the  spinal  cord.  Heidenhain  ^  states  however 
that  under  these  circumstances  the  diminution  of  the  effect  is  not  gradual 
from,  the  central  to  the  peripheral  portions,  as  when  the  nerve  is  cut;  on 
the  contrary,  the  amount  of  contraction  is  at  first  large,  then  becomes 
smaller,  and  finally  increases  somewhat  again  as  the  stimulation  is  carried 
firom  the  roots  of  the  nerves  to  the  muscular  periphery. 

It  Ib  probable  that  the  irritability  of  the  nerve  may  vary  considerably 
at  different  points  along  its  course.  And  Fleischl'  states  that  the  behaviour 
of  a  nerve  to  induction-shocks  differs  at  different  parts  of  its  course  accordiDg 
as  the  induced  shock  is  applied  as  a  descending  or  an  ascending  current. 

In  addition  to  this,  however,  section  of  a  nerve  does  of  itself  lead 
to  a  temporary  increase  in  the  neighbourhood  of  the  section.  But 
after  a  while  this  increased  irritability  gives  place  to  a  decreased 
irritability  near  the  cut  end,  as  compared  with  the  more  peri- 
pheral portions ;  exhaustion,  as  it  is  said,  sets  in  in  this  part,  and 
spreads  gradually  downwards  towards  the  muscle.  When  a  nerve  is 
simply  divided  in  situ,  in  the  living  body,  very  similar  phenomena 
are  observed.  At  first  there  is  an  increase  of  irritability,  observable 
especially  at  the  cut  end,  and  travelling  centrifugally  towards  the 
periphery.  Subsequently  the  irritability  diminishes,  and  gradually  dis- 
appears, the  loss  beginning  at  the  cut  end  and  advancing  centrifugally 

1  Stud,  PhyiioLImtit,  Breslati,  ii.  (1861). 

*  Wien.  SiU.'Berieht,  lzzu.    Compare  Tiegel.  Pfl<iger*8  Arehiv,  xni.  (1876)  p.  598. 
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towards  the  peripheral  terminations.  This  oentrifiigal  featare  of  the 
loss  of  irritaDility  is  often  spoken  of  as  the  Bitter-Valli  law.  The 
exhaustion  thus  produced  is  followed,  in  a  similar  centrifugal  manner, 
by  structural  degeneration  of  the  nerve.  In  a  mammal  it  may  be 
two  or  three  days,  in  a  frog,  as  many,  or  even  more  weeks  before 
irritability  has  disappeared  firom  the  trunks.  It  is  maintained  in  the 
small  (and  especially  in  the  intramuscular)  branches  for  still  longer 
periods. 

Exhaustion  of  a  nerve,  in  whatever  way  produced,  whether  by 
poison,  or  by  withdrawal  of  blood,  or  by  section,  or  by  other  means, 
is  marked  by  gradual  loss  of  irritability,  i,e.  the  stimulus  required  to 
produce  a  contraction  in  the  muscle  must  be  gradually  increased^ 
until  at  last  the  strongest  stimuli  are  ineffective.  In  some  cases  at 
least,  exhaustion  has  been  ascertained  to  be  accompanied  by  a 
retardation  of  the  impulse-wave.  Beyond  this  we  know  littie.  The 
irritability  of  both  muscles  and  nerves  is  ultimately  dependent  on 
the  state  of  their  nutrition,  and  this  again  is  determined  in  the  first 
place  by  the  quality  and  quantity  of  the  blood  supplied  to  the  tisBue, 
and  in  the  second  place  by  the  functional  activity  of  the  tissue,  t  A 
by  the  extent  to  which  its  specific  energies  are  called  into  play. 

The  effects  of  varying  the  blood-supply  and  functional  activity 
can  be  much  more  easily  studied,  and  consequentiy  are  much  bett^ 
known,  in  the  case  of  muscles  than  of  nerves,  but  there  is  no  reason 
to  doubt  that  the  same  general  laws  govern  the  life  of  both  tissues. 

7.  Condition  of  fhe  Kusde.  Exhaustion.  When  a  muscle  of  a 
warm-  or  of  a  cold-blooded  animal  is  removed  from  the  body,  the 
irritability  gradually  diminishes.  The  same  stimulus  repeat^  at 
intervals  gives  rise  to  smaller  and  smaller  contractions.  At  last 
the  irritability  disappears  altogether,  and  no  stimulus  however  strong 
produces  any  contraction  at  all.  In  the  muscle  of  a  warm-blooded 
animal  the  descent  is  very  rapid,  occupying  a  time  which  varies, 
according  to  circumstances,  from  a  few  minutes  to  two  or  three  hours. 
In  the  muscle  of  a  cold-blooded  animal  the  irritability  may  continue 
for  as  long  as  two  or  three  days.  Otherwise  the  progress  of  events  is 
the  same  in  each. 

If  a  sharp  blow  with  some  thin  body  be  struck  across  a  muscle  which 
has  entered  into  the  later  stages  of  exhaustion,  a  wheal  lasting  for  sevend 
seconds  is  developed.  The  wheal  in  many  respects  resembles  a  very  slow 
or  almost  fixed  contraction-wave,  and  has  been  called  an  'idio-musoolar' 
contraction,  because  it  may  be  brought  out  even  when  ordinary  stimiili 
have  ceased  to  produce  any  effect.  It  may  however  be  accompanied  at  its 
beginning  by  an  ordinary  contraction.  It  is  readily  produced  in  the  living 
body  on  the  pectoral  and  other  muscles  of  persons  suffering  from  phthisii 
and  other  exhausting  diseases. 


Biffor  Kortis.  The  loss  of  irritability,  even  when  rapid,  is 
gradutu,  but  is  succeeded  by  an  event  of  some  suddenness,  the  en- 
trance into  the  condition  known  as  rigor  mortis,  tibie  occurrence  of 
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which  is  marked  by  the  following  features.  The  muscle,  previously 
possessing  a  certain  transparency,  becomes  much  more  opaqua  Pre- 
viously very  extensible  and  elastic,  it  becomes  rigid  and  inextensible 
and  at  the  same  time  loses  its  elasticity.  The  muscle  now  requires 
considerable  force  to  stretch  it^  and  when  the  force  is  removed, 
does  not,  as  before,  return  to  its  natural  length.  To  the  touch  it  has 
lost  much  of  its  former  softness^  and  becomes  firmer  and  more  resist- 
ent.  The  entrance  into  rigor  mortis  is  characterised  by  a  shortening 
or  contraction,  which  may,  under  certaia  circumstances,  be  consider- 
able. The  energy  of  this  contraction  is  not  great,  so  that  when 
opposed,  no  actual  shortening  is  observed.  When  rigor  mortis  has 
been  fully  developed,  no  musde-currents  whatever  are  observed. 
Tested  by  litmus  paper  the  muscle  is  found  to  have  become  distinctly 
acid.  The  amount  of  acidity  is  very  considerable,  much  greater  thaa 
that  of  even  a  prolonged  tetanus.  It  is,  apparently,  due  to  the  pr^ 
sence  of  the  same  acid  as  that  produced  in  a  contraction.  If  a  muscle 
be  suspended  in  a  known  atmosphere  it  is  found  that  the  compara- 
tively feeble  production  of  carbonic  acid,  which  goes  on  as  long  as  the 
muscle  is  irritable,  undergoes  a  very  large  increase  when  rigor  mortis 
sets  in.  As  rigor  mortis  comes  on,  the  muscle  undergoes  a  distinct 
nse  of  temperature  which  is  coincident,  in  time  with  the  shortening. 
In  many  respects,  theref(»re,  rigor  mortis  has  a  strong  resemblance  to 
an  ordinary  contiaction.  In  one  point  the  two  differ  fundamentally. 
In  a  contraction  the  extensibility  is  increased,  in  rigor  mortis  it  is 
diminished.  But  in  other  respects,  in  the  shortening,  the  rise  of 
temperature,  the  diminution  (in  the  case  of  rigor  mortis  to  dis- 
appearance) of  natural  muscle-currents,  and  the  production  of  sarco- 
lactic  and  carbonic  acids,  the  two  seem  identical.  They  both  seem  to 
be  due  to  an  explosive  decomposition  within  the  fibre.  The  peculiar 
features  of  rigor  mortis  appear  to  be  in  part  at  least  due  to  the  fact 
that  the  decomposition  is  in  that  ease  accompanied  by,  or  results  in, 
a  coagulation  of  some  portion  of  the  fibre.  From  the  perfectly  fresh, 
as  yet  irritable  muscles  of  a  frog,  a  coagulable  muscle-plasma  may  by 
appropriate  means  be  obtained,  see  antea,  p.  33.  If  rigid  muscles  be 
treated  in  the  same  way  no  such  coagulable  plasma  wiU  be  obtained. 
It  has  already  been  seen  that  the  rigid  fibres  consist  largely 
of  myosin.  Thus  while  from  the  irritable  or  not  yet  rigid  muscle 
there  can  be  extracted  a  coagulable  plasma,  which  on  coagulating 
gives  rise  to  myosin,  from  the  rigid  muscle  there  can  only  be  extracted 
the  already  formed  myosin,  which  therefore  may  be  regarded  as  the 
result  of  a  coagulation  coincident  with,  and  constituting  an  important 
part  of  the  phenomena  of,  rigor  mortis. 

It  is  stated  by  Hermann  that  in  frog's  muscle  separated  from  the  body, 
the  quantity  of  carbonic  acid  given  out  during  rigor  morUs  is  in  inverse 
proportion  to  the  quantity  given  out  by  the  contractions  which  have  taken 
place  since  the  removal  of  the  muscle  from  the  blood-current.  The  more 
the  muscle  has  contracted  during  this  period  the  less  the  amount  of  carbonic 
add  given  out  in  the  final  rigor,  and  vice  versa*    From  this  it  is  inferred 
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that  at  the  moment  of  Bepanlitm  from  Ad  body,  ii» 

certain  capital  of  carbonic-fund-prodacing  matenal  (to  wit,  the  sabstance 
whose  explosive  decomposition  we  have  supposed  to  give  rise  to  this  and 
other  bodies)  which  may  be  expended  either  in  rigor  mortis  or  in  oontrao* 
tion,  but  which,  from  the  absence  of  blood,  cannot  be  replaced.  Ckmse- 
quently  the  expenditure  in  the  direction  of  contraction  must  ocnne  out  o£ 
the  share  allotted  to  rigor  mortis.    To  this  point  we  shall  letnin. 

The  Inflnence  of  Blood-sapplv.  When  a  muscle  still  within  the 
body  is  deprived  by  any  means  of  its  proper  blood-supply,  as  when 
the  blood-vessels  going  to  it  are  ligatured,  the  same  gradual  loss  of 
irritability  and  final  appearance  of  risor  mortis  are  observed  as  in 
muscles  removed  out  of  the  body.  Thus  if  the  abdominal  aorta  be 
ligatured,  the  muscles  of  the  lower  limbs  lose  their  iiritabilitgr  and 
finally  become  rigid.  So  also  in  systemic  death,  when  the  blood- 
supply  to  the  muscles  is  cut  off  by  the  cessation  of  the  circulation, 
loss  of  irritability  ensues,  and  rigor  mortis  eventually  follows.  In  a 
human  corpse  the  muscles  of  the  body  enter  into  rigor  mortis  in  a 
fixed  order :  first  those  of  the  jaw  and  neck,  then  those  of  the  trunk, 
next  those  of  the  arms,  and  lastly  those  of  the  leg&  The  rapidity 
with  which  rigor  mortis  comes  on  after  death  varies  considerably, 
being  determined  both  by  external  circumstances  and  by  the  internal 
conditions  of  the  body.  Thus  external  warmth  hastens  and  cold 
retards  the  onset.  After  great  muscular  exertion,  as  in  hunted 
animals,  and  when  death  closes  wasting  diseases,  rigor  mortis  in 
most  cases  comes  on  rapidly.  As  a  general  rule  it  may  be  said 
that  the  later  it  is  in  making  its  appearance,  the  more  pronounced  it 
is,  and  the  longer  it  lasts ;  but  there  are  many  exceptions,  and  when 
the  state  is  recognised  as  being  fundamentally  due  to  a  coagulation, 
it  is  easy  to  understand  that  the  amount  of  rigidity,  t.e.  the  amount 
of  the  coagulum  and  the  rapidity  of  the  onset,  %,e.  the  quickness 
with  which  coagulation  takes  place,  may  vary  independently.  The 
rapidity  of  onset  after  muscular  exercise  and  wasting  disease  is 
apparently  dependent  on  an  excess  of  acid  produced  under  those  . 
circumstances  in  the  muscle.  When  rigor  mortis  has  once  become 
thoroughly  established  in  a  muscle  through  deprivation  of  blood,  it 
cannot  be  removed  by  any  subsequent  supply  of  blood.  Thus  where 
the  abdominal  aorta  has  remained  ligatured  until  the  lower  limba 
have  become  completely  rigid,  untying  the  ligature  will  not  restore 
the  muscles  to  an  irritable  condition;  it  simply  hastens  their  de-> 
composition. 

A  muscle  however  may  acquire  as  &  whole  a  certain  amount  of  rigidi^ 
on  account  of  some  of  the  fibres  becoming  rigid,  while  the  remainder, 
though  thej  have  lost  their  irritability,  have  not  yet  advanced  into  rigor 
mortis.  At  such  a  juncture  a  renewal  of  the  blood-stream  may  restore 
the  irritability  of  those  fibres  which  were  not  yet  rigid,  and  thus  appear  to 
do  away  with  rigor  mortis;  yet  it  appears  tiiat  in  such  cases  the  fibres 
which  have  actually  become  rigid  never  regain  their  irritability,  but  undeigo 
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d^geneiatioiu  It  ib  stated  howeyer  by  Prejer'  that  if  the  even  completely 
rigid  mnadeB  of  the  frog  be  washed  out  with  a  10  p.  c.  sodium  chloride 
iolatian  (which  dissolyes  myosin)  and  subsequently  injected  with  blood, 
irritahili^  will  be  restored. 

Mere  loss  of  irritability,  even  though  complete,  if  stopping  sbort 
of  the  actual  coagulation  of  the  muscle-substance,  may  be  with  care 
removed  Thus  if  a  stream  of  blood  be  sent  artificially  through 
the  vessels  of  a  separated'  (mammalian)  muscle,  the  irritability 
may  be  maintained  for  a  verv  considerable  time.  On  stopping 
the  artificial  circulation,  the  irritability  diminishes  and  in  time 
entirely  disappears;  if  however  the  stream  be  at  once  resumed, 
the  irritability  will  be  recovered,  and  maintained.  By  regulating 
the  flow,  the  irritability  may  be  lowered  and  (up  to  a  certain  limit) 
raised  at  pleasure.  From  the  epoch  however  of  interference  with  th# 
normal  blood-stream  there  is  a  gradual  diminution  in  the  responses  to 
stimuli,  and  ultimately  the  muscle  loses  all  its  irritability  and  be- 
comes rigid,  however  well  the  artificial  circulation  be  kept  up.  This 
£ulure  may  be  due  simply  to  the  fact  that  an  artificial  circulation 
is  at  best  an  imperfect  circulation,  or  it  may  be  due  to  other  (as  yet 
unknown)  causes. 

The  irritability  of  a  muscle  then  is  clearly  in  large  measure 
dependent  on  the  quantity  of  blood  supplied  to  it.  In  respect  to 
the  qucUity  of  blood,  our  knowledge  is  definite  with  regard  to  one 
factor  only,  viz.  the  oxygen.  If  blood  deprived  of  its  oxygen  be  sent 
through  a  muscle  removed  from  the  body,  irritability,  so  far  from 
being  maintained,  seems  rather  to  have  its  disappearance  hastened. 
In  &ct,  if  venous  blood  continue  to  be  driven  through  the  muscle 
the  irritability  is  lost  even  more  rapidly  than  in  the  entire  absence 
of  blood.  It  would  seem  that  venous  blood  is  more  injurious  than 
none  at  alL  If  exhaustion  be  not  carried  too  far,  the  muscle  may, 
however,  be  revived  by  a  proper  supply  of  oxygenated  blood. 

In  a  muscle  the  irritability  of  which  has  been  suspended  by  a  current 
of  venous  blood,  the  assumption  of  a  minute  fraction  of  oxygen  is  sufficient 
to  restore  irritability  to  such  an  extent  that  a  very  distinct  amount  of 
contraction  is  vidble  on  the  application  of  stimulL  Much  more  than  this 
must  be  taken  up  before  the  muscle  can  regain  the  standard  at  which  it 
previous  to  the  action  of  the  venous  sti'eam'. 


The  influence  of  Temperature.  Moderate  warmth,  ex.  gr.  a  tem- 
perature of  35^  and  a  little  beyond,  favours  muscular  irritability. 
All  the  molecular  processes  are  hastened  and  facilitated :  the  con- 
traction is  for  a  given  stimulus  greater  and  more  rapid,  i.e,  of  shorter 
duration.  Owing  to  the  quickening  of  the  chemical  changes,  the 
supply  of  new  material  may  prove  insufficient;  hence  muscles 
removed  from  the  body  lose  their  irritability  more  rapidly  at  a  high 

*  Centrht.  f.  Mfd.  Witsehft.  1864,  p.  769. 

*  Lndwig  and  Bohmidt,  Ludwig't  Arbeiten^  1868,  p.  1. 
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than  at  a  low  temperature.  A  temperature  of  about  45^  in  the  case 
of  frogs'  muscles,  of  50^  ia  the  case  of  mammaUan  muscles,  brings 
about  an  almost  instantaneous  rigor  mortis,  often  spoken  of  as  rigor 
caloris.  The  entrance  into  the  rigid  state  is,  under  these  drcom- 
stanccs,  initiated  by  a  forcible  contraction  or  shortening. 

When  a  muscle  is  exposed  to  cold,  e^.  ^.  to  a  temperature  very 
little  above  zero,  the  contractions  are  remarkably  prolonged;  they 
are  diminished  in  extent  at  the  same  time,  but  not  in  proportion  to 
the  increase  of  their  duration.     Exposed  to  a  temperature  of  7.ero  or 
below,  muscles  soon  lose  their  irritability,  without  however  under- 
going rigor  mortis.    After  an  exposure  of  not  more  than  a  few 
seconds  to  a  temperature  not  much  below  zero,  they  may  be  restored, 
by  gradual  warmth,  to  an  irritable  condition,  even  though  they  may 
appear  to  have  been  frozen.     When  kept  frozen  however  for  some 
few  minutes,  or  when  exposed  for  a  less  time  to  temperatures  of 
several  degrees  below  zero,  their  irritability  is  permanently  de- 
stroyed.   When  thawed,  they  enter  into  rigor  mortis  of  a  most  pro- 
nounced character. 


The  inflnsnoe  of  Functional  Activity.  When  a  muscle  within 
the  body  is  unused,  it  wastes ;  when  usea  it  (within  certain  limits) 
grows.  Both  these  facts  shew  that  the  nutrition  of  a  muscle  is 
favourably  affected  by  its  functional  activity. 

Part  of  this  may  be  an  indirect  efiect  of  the  increased  blood-«apply 
which  occurs  when  a  muscle  contracts.  When  a  nerve  going  to  a  muscle  is 
stimulated,  the  blood-vessels  of  the  muscle  dilate,  whether  the  muscle 
contract  or  no.  Hence  at  the  time  of  the  contraction  more  blood  flowi 
tlirough  the  muscle,  and  this  increased  flow  continues  for  some  little  while 
nfU'r  the  ooutraction  of  the  muscle  has  ceased.  But  besides  this  increaBod 
blood-supply,  there  are  reasons  for  thinking  that  the  mere  contraction  of  the 
fibre  is  fiivourable  to  the  nutritive  changes  which  build  up  the  muscle. 

A  muscle,  even  within  the  boily,  after  prolonged  action  is  fatigued, 
i.f.  a  stronger  stimulus  is  rei|uired  to  produce  tJae  same  contraction; 
in  other  wonis,  its  irritability  is  reduced  by  functional  activity. 

The  fatigue  of  which,  after  prolonged  or  unusual  exertion,  we  are 
i\nis^*ioua  in  our  own  bodies,  arises  partly  from  an  exhaustion  of  muscles, 
l^tirtly  fnnu  an  oxliaustion  of  motor  nerves,  but  chiefly  from  an  exhaustion 
of  the  ivntral  nervous  system  couoemed  in  the  production  of  voluntaiy 
impulses.  A  man  wlio  sa^-s  he  is  alvk^lutely  exhausted  may  under  excite- 
ment jHTform  a  very  lai*go  amount  of  work  with  his  already  wearied 
musv  K\s.  The  will  niri'ly  if  ever  calls  forth  the  greatest  contractions  of 
>vhioh  the  muselivi  are  capable. 

Absolute  (temjH^rarv)  exhaustion  of  the  muscles,  so  that  the 
strongi^st  stimuli  prodmv  no  einitn^otion,  may  be  produced  even 
within  the  hoAy  by  artitieial  stimulation;  recovery  takes  place  on 
rv*s^  ^f  the  IhhIv  alwoluto  exhaustion  takes  place  readily.    Here 

i»  luay  tnko  placiv    Whether  in  any  given  case  it  does 
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occur  eft  not^  is  determined  by  the  amount  of  contraction  causing  the 
exhaustion,  and  by  the  previous  condition  of  the  muscle.  In  all  cases 
reoovery  is  hastened  by  renewal  (natural  or  artificial)  of  the  blood- 
Btream.  The  more  rapidly  the  contractions  follow  each  other,  the 
less  the  interval  between  any  two  contractions,  the  more  rapid  the 
exhaustion*  A  certain  number  of  single  induction-shocks  repeated 
lapidly,  say  every  second  or  ofbener,  bring  about  exhaustive  loss  of 
irritalnlitv  mcnre  rapidly  than  the  same  number  of  shocks  repeated 
less  rapidly,  for  instance  everv  5  or  10  seconds.  Hence  tetanus  is  a 
r^uly  means  of  producing  exhaustion. 

There  are  reasons  for  thinking  that  for  each  muscle  it  may  be  possible  to 
choose  such  an  interval  between  successive  stimuli  as  shall  not  only  not 
haatfn^  but  perhaps  even  retard,  the  gradual  normal  exhaustion  following^ 
upon  remoT^  from  the  body.  In  other  words,  it  is  probable  that  after 
a  contraction  there  is  a  rebound  of  irritability,  a  reaction  favourable  to  the 
nutriticm  of  the  muscle. 

When  a  muscle  is  subjected  to  a  prolonged  tetanus  the  course  of  ex- 
haustion, as  indicated  by  the  varying  heights  to  which  the  load  is  succes- 
sively raised  by  the  repeated  contractions,  is  at  first  very  slow,  afterwards 
more  rapid,  and  finally  slow  again. 

The  amount  of  the  load,  provided  this  be  not  too  great,  has  no  xparked 
effect  on  the  course  of  exhaustion.  If  two  muscles  be  loaded  (afler-loaded), 
one  with  a  heavy,  the  other  with  a  light,  weight,  and  stimulated  at  the  same 
intervals  with  tiie  same  stimulus,  the  course  of  exhaustion  will  be  parallel 
in  the  two  cases,  though  the  more  heavily  laden  muscle,  responding  at  the 
outset  with  smaller  contractions  than  Uie  more  lightly  laden  one,  will  be 
the  first  to  enter  that  stage  of  exhaustion  at  which  the  contractions  cease  to 
be  visible  ^  The  above  is  probably  only  true  for  weights  up  to  the  standard 
which  is  most  favourable  for  the  muscle's  doing  work  :  see  ante,  p.  70. 
Weights  heavier  than  this  quicken  exhaustion — and  with  a  certain  weight 
the  mere  extension  so  caused,  even  when  imaccompanied  by  a  contraction, 
ia  exhausting. 

Whether  there  be  a  third  factor,  t.  e.  whether  muscles  for  instance  are 
governed  by  so-called  trophic  nerves  which  affect  their  nutrition  directly 
in  some  other  way  than  by  influencing  either  their  blood-supply  or  activity, 
must  at  present  be  left  imdecided. 

Muscles  exhausted  by  prolonged  action  may  have  their  irritability 
temporarily  restored  by  passing  through  them  for  some  time  a  constant 
current. 

In  exhausted  muscles  the  elasticity  is  much  diminished ;  the  tired 
muscle  returns  less  readily  to  its  natural  length  than  does  the  fresh 
one. 

The  exhaustion  due  to  contraction  may  be  the  result : — (1)  Either 
of  the  consumption  of  the  store  of  really  contractile  material  present 
in  the  muscle.  Or  (2)  of  the  accumulation  in  the  tissue  of  the 
products  of  the  act  of  contraction.    Or  (3)  of  both  of  these  causes. 

The  restorative  influence  of  rest  may  be  explained  by  supposing 

1  Eronecker,  Ladwig*8  Arheiten^  1871. 
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that  during  the  repose,  either  the  internal  changes  of  the  tSaiae 
manufacture  new  explosive  material  out  of  the  comparatively  raw 
material  already  present  in  the  fibres,  or  the  immediate  products  of 
the  act  of  contraction  undergo  changes  by  which  they  are  converted 
into  comparatively  inert  bodies.    A  stream  of  fresh  blood  may  exert 
its  restorative  influence  not  only  by  quickening  the  above  two  events, 
but  also  by  carrying  off  the  immediate  waste  products  while  at  the 
same  time  it  brings  new  raw  material.    It  is  not  known  to  what 
extent  each  of  these  parts  is  played.    That  the  products  of  contrac- 
tion are  exhausting  in  their  effects,  is  shewn  by  the  fact  that  ex- 
hausted muscles  are  recovered  by  the  simple  injection  of  inert  saline 
solutions  into  their  blood-vessels  ;  and  that  such  bodies  as  lactic  acid 
injected   into  a  muscle  cause  rapid  exhaustion.    One    important 
element  brought  by  fresh  blood  is  oxygen.    This,  as  we  have  seen, 
is  not  necessary  for  the  carrying  out  of  the  actual  contraction,  and 
yet  is  essential  to  the  maintenance  of  irritability.    It  is  probably  of 
use  as  what  may  be  called  intra-molecular  oxygen^  in  preparing  the 
explosive  material  whose  decomposition  gives  rise  to  the  carbonic 
acid,  and  other  products  of  contraction. 

It  is  stated  by  EIronecker'  that  oxygen,  not  in  the  form  of  oi^luemo- 
globin,  but  administered  roughly  in  the  form  of  an  injection  of  permanga- 
nate of  potash,  restores  the  irritability  of  exhausted  muscle. 

After  prolonged  artificial  excitation  of  a  muscle  within  the  body  the 
exhaustion  is  accompanied  or  rather  followed  by  histological  changes  ^the 
nature  of  degeneration. 

Theory  of  Hnscle  and  Nerve.  ^  The  above  considerations  shew  that 
when  a  muscle  is  thrown  into  contraction  by  a  stimulus  applied  to  a  nerra 
three  distinct  events  take  place. 

1.  The  generation  and  propagation  of  the  nervous  impulse  along  the 
nerve. 

2.  The  conversion  of  the  nervous  impulse  into  a  muscle-impulse^  and 
the  propagation  of  the  latter  along  the  muscular  fibre, 

3.  The  contraction  started  by  and  following  upon  the  musde-impolsa 

The  two  former  are  very  similar  to  each  other,  differing  only  in  minor 
details.  They  are  characterized  by  the  prominence  of  an  electrical  ouxrent^ 
by  the  absence  of  any  change  in  the  total  form  of  the  structures,  and  by  the 
insignificance  of  the  chemical  changes. 

The  development  of  the  electri^  current  is  at  present  veiy  impeifeotlj 
understood.  Du  Bois-Beymond  has  put  forward  the  hypothesis  that  both 
muscle  and  nerve  are  made  up  of  electrical  molecules,  in  each  of  whioh  tha 
two  ends  are  negative  relatively  to  the  equator.  These  are  so  disposed  as 
to  join  in  producing  the  total  currents  of  the  whole  muscle,  very  much  as  a 
number  of  small  magnets  with  their  individual  north  and  south  poles  may 
be  built  up  into  a  large  magnet  with  its  one  north  and  one  south  pdOi 

^  Compare  Bk.  n.  obap.  ii.  seo.  5.    The  Bespiratoiy  changes  in  the  TissueiL 
>  Ludwig^s  ArheiUn,  1871. 
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Duriiig  a  merroiia  or  muscle-impulse  it  is  supposed  that  the  activity  of  these 
moleciiles  is,  in  some  way  or  other,  lessened.  In  order  to  explain  the 
l^enomena  of  electrotonus  Du  Bois-Reymond  further  supposes  that  each 
of  these  molecules  consists  of  two  parts,  the  two  positive  portions  of  the 
two  parts  being  in  contact  in  the  middle,  so  that  the  two  ends  of  the 
molecule  are  still  negative,  as  indicated  in  Fig.  15  A.     When  the  nerve  or 


^ 


Fio.  16.    DxAOBAM  TO  Illustrats  Du  Boi8-BxTMO!n>'8  Thsobt  or  Elbotbical  Molb* 

OULBS  vx  Nbbyb  and  Mubclb. 

A  represents  the  natnnl  mosole  or  ner^e  current.     LS,  the  loQgitadinal  (positiye) 
saotion ;  QS,  the  transyerse  (negatiye)  seotion. 

Bt  the  nerve  dazing  eleeirotonus.    The  arrows  indicate  the  direction  of  the  currents. 

muade  is  polarised  one  element  of  each  molecule  is  reversed  in  the  direction 
of  the  polarizing  current,  and  the  whole  activity  of  the  molecules  con- 
sequently directed  to  produce  a  current  in  the  same  direction.  Fig.  15  B. 
The  objections  to  this  hypothesis  are,  that  complicated  additions  have  to 
be  made  to  explain  why  a  perfectly  firesh  uninjured  muscle  exhibits  little 
or  no  amount  of  current  and  yet  may  give  a  powerful  n^ative  variation, 
and  that  in  a  nerve  the  negative  variation  may  exceed  by  two  or  three  times 
the  natural  current  The  alternative  view  of  Hermann  has  already  been 
referred  to,  p.  53.  It  need  hardly  be  added,  that  inasmuch  as  the  galvano- 
meter^needle  is  permanently  deflected  so  long  as  the  electrodes  of  the  gal- 
vanometer are  in  contact  with  the  two  points  of  different  potential,  the 
difference  of  potential  of  these  points  must  be  maintained  at  the  expense 
of  some  form  of  energy  within  the  muscle  or  nerve,  for  instance  by  chemical 
changea 

All  the  features  of  an  impulse-wave  either  in  muscle  or  nerve,  more 
especially  its  rate  of  progression,  shew  that  the  electrical  phenomena  are  in 
reality  tokens  of  molecular  changes  in  the  tissue  much  more  complex  than 
those  necessary  for  the  propagation  of  a  mere  electrical  current  An 
electrical  current  travels  very  much  faster  than  a  nervous  impulse.  It  has 
more  than  once  been  insisted  that  electrical  continuity  is  insufficient  for 
the  propagation  of  a  nervous  impulse :  vital  continuity  is  essential  to  its 
progresa  The  actual  amount  of  energy  developed  by  a  most  powerful 
nervous  impulse  is  exceedingly  slight,  and  hence  chemical  changes, 
insignificant  in  amount,  may  be  the  cause  of  all  the  phenomena,  and  yet 
remain  too  slight  to  be  readily  recognised.  The  muscular  contraction 
itself  is  essentiidly  a  translocation  of  molecules.  Thus  if  a  portion  of  a 
moscalar  fibre  be  represented  in  a  state  of  rest  by  four  rows  of  molecules 
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liuuufft.  ^  -rxoR  'w^  '2JXT^  i&irBkCT  ssl  v  sk  bl  nTiiMrT  ^SBHipOBtMai  of 
•enpsFtJ  ^  ^u^  iin]if!»-4nzuBiBXisR- 

v*tl  M  ZJU:  iB^0Ks£ki  zuioBijer  *iTiwij  l^ifEv  s  m  SBBBEil  pf»Hflii  be- 
Vmt^sx,  Vkt^  is.vwjrcn  \€  ^oerToiccflEBanL.  lair  i^iaLULij*  «f  cHtauc  ^and  lactic) 
^fiii'JJt  yrv^vjifL  loii  'skt  taupos  if  enHi^y  ss  fifm.  Ik  graaber  the  dere- 
jy^^MtLfS  of  ^afaTxcae  aoi.  loit  jBsssr  s  lu  (MLLr  Mfiiim  aiid  tke  U^er  like 
v«i:;^e£«»»;c*^  It  ^us  xi^n  'umil  T*:flKttas>  liiaivsi  id  dzmv  «p  a  complete 
^jxAiXyx.  u»ftvw£;  Uj(  jtLSiiE.':  gugjj  oT  istfr  iDiaaiftl  azti  tke  tvo  loniis  of 
^^'^.'u:  «o«7^  Ki:  6%  £t  az.  afcrcodiuae  ^^^«''^»^«'  Hdmholti  bi 
arnr*^  «^»  *«iA  ^^xjfiladon  lus  ia  lae  kasm  boar  one-fiitik  of  the  eoaff 
'/  t'U*:  sukVfliiki  r>»  9=t  ac  ^f^**-*Myi^.wfcl  vork,  tkas  eonmidiig  iiToanUf 
wixL  UA  i^utf&-«e<eziM!!.  in  viikb  h  kvdh-  mer  afnwinta  «>  man  ikun  on^ 
t^Ah.  Nor  cut  ve  a:  ynstecx  aaj  ihas  h  kai  Keen  cxpcnmeiitaDj  Tvified 
Ui  ax:/ ipv«A  ^^iiitta^ctioD  that  the  Bwchaucal  voik  k  done  at  the  ezpenn  of 
tliM!;  ii^  vb^rL  v/dd  be  otherriae  siT^en  oox.  Tkns  if  of  two  nundea  i 
a«yi  /f,  >l  \fH  ufA  lotd^A  awl  J?  loaded  belbte  a  conUnction  and  unloaded  a* 
iJm!  \it^ydi\  *A  cryutrMtion,  it  is  obTions  that  A  dses  no  vock.  for  the  mudo 
fvft^inu  t/>  iui  \frtrnfMM  oonditioD,  vhOe  J?  does  work,  the  more  so  the 
lu^Yi^  xh^  \fmA  and  the  more  &eqnentlT  it  is  laised.  If  now  both  i 
luA  H  tutH  isxfnvA  \jw  the  same  stim^dns  to  equal  oontimctionSy  the  tempen^ 
turn  //f  A  ony^it  to  rise  more  than  R,  because  of  the  same  eneigy  set  fine  in 
tf;a/;lif  wmut  go<»  out  as  work  in  By  but  in  A  none  goes  cmt  as  woik,  and 
al  I  *rnf:iiittM  sa  hisat  Experiment  shews,  on  the  oontranr,  that  B  is  the  wumer 
'/f  tU*i  twOf  t\%H  reason  Ijein^  that  the  tension  caused  by  the  load  incream 
ail  t\t*i  ehitituxkl  clmiiges  in  the  muscle  (as  shewn  by  the  increased  prodne- 
iiim  of  carU#riic  acid),  and  thus  increases  the  total  energy  set  finee.  If  ^ 
and  //  \Ht  tf^jually  I'la/ief],  and  while  A  does  no  woik,  the  load  remaining  on 
all  tli«)  tirii';,  the  Ujad  of  if  is  removed  at  the  height  of  contraction,  it  is  then 
found  tliiit  A  \M^}UHts  the  warmer  of  the  two.  This  experiment  is  not 
wiLhoiit  olijffction ;  for  A  is  (immediately  after  the  contraction)  stretched  bj 
iu  lirtulf  tiwi  Wf  iU  cheTuicai  clianges  still  increased,  whereas  B  ia  not;  end 
llifid<7ii)iain  hits  siiewn  that  this  is  sufficient  to  account  for  A  being  tbe 

i  >i'  Ihn  <!Xfict  nature  of  the  chemical  changes  we  know  nothing.  Ab 
lifiN  \tMui  itlnuuly  stilted  (p.  58),  there  is  no  evidence  of  nitrogenous  pro* 
diinis  iHfin^  ^ivcn  off  as  waste;  such  nitrogenous  crystalline  bodies  as  art 
prfw4iiit  in  uiiiHiiU^f  kroutin,  &c.,  may  be  regarded  as  the  wear  and  tear  of  tbe 
iimrhitHs  ami  not  as  ])roducts  of  the  material  consumed  in  the  woik. 
Yet  it  In  hitnlly  coiiHommt  with  what  we  know  elsewhere,  to  suppose  that 
thii  I'oiitmrtion  of  a  niuscuhir  fibre  has  for  its  essence  the  decomposition 
oCu  iinii  nitni^niioiiH  mibHtanco;  and  we  may  suppose  that  the  explosion 
<lui*H  iiivulvo  Huiuu  uitrogcuous  products,  which  however  are  retained  within 
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the  timse^  and  naed  up  tgain*  Hermaimy  iiunsting  on  the  analogy  between 
mvaoakr  oontnetion  and  rigor  mortis,  has  suggested  the  existence  of  a 
hypothetical  imogm^  which  daring  a  contraction  splits  up  into  carbonic  acid, 
kctio  acid,  and  a  nitrogenous  body.  He  further  supposes  the  nitrogenous 
body  to  be  myosin,  which  however,  while  still  in  the  form  of  a  gelatinous 
dot^  is  rediasolTed  and  reconyerted  into  inogen.  But  the  £EUSt  that  myosin 
has  probably  antecedents  like  those  of  fibrin,  and  is  not  formed  directly  as 
a  piodiict  of  the  deoompodtion  of  a  more  complex  body,  and  especially  the 
fiut  that  while  in  rigor  mortis  extensibility  is  diminished,  in  a  contraction 
it  la  increased,  aeem  insuperable  objections  to  this  view.  It  may  be  worth 
iriiile  to  point  oat  that  daring  even  the  most  complete  repose  muscle  is 
lOidflKgaing  chemical  changes,  which,  as  &r  as  we  know,  are  the  same  in 
kind,  and  <mly  difier  in  degree  from  those  characteristic  of  a  contraction. 
Thos  earbonio  acid  is  constantly  being  produced,  and  probably  lactic  acid, 
both  being  got  rid  of  as  they  form,  just  as  they  are  got  rid  of  in  larger 
qnantitjes  during  the  repose  which  fdlows  contraction.  Supposing  the 
eziateDce  of  a  substance  which  splits  up  into  these  various  products,  and 
which  we  mxj  speak  of  as  the  true  contractile  material,  it  is  evident  that 
thia  material  being  thus  constantly  used  up,  must  be  as  constantly  repaired. 
Thus  a  stream  of  chemical  substances  may  be  conceived  of  as  flowing 
through  muscle,  the  raw  material  brought  by  the  blood*  being  gradually 
converted  into  true  contractile  stufl^  the  breaking-down  again  of  which  is 
gentle  and  gradual  so  long  as  the  muscle  is  at  rest;  when  a  contraction 
takea  place,  the  decomposition  is  excessive  and  violent.  When  rigor  mortis 
■eta  in,  the  whole  remaining  contractile  material  is  decomposed.  It  has 
been  already  etated  that  according  to  Hermann  the  total  quantity  of  car- 
boiiio  and  probably  of  lactic  acid  produced  after  removal  from  the  body  is 
the  same  whether  contraction  takes  place  or  no,  the  material  for  the  con- 
timcdon  being  apparently  taken  away  from  that  destined  for  rigor  mortis. 
This  means  that  the  manufiujture  of  true  contractile  material  is  suddenly 
arrested  immediately  on  the  cessation  of  the  blood-curreat,  no  more  being 
afterwards  formed.  Such  a  state  of  things  is  quite  contrary  to  our  general 
physiological  experience,  and  there  are  other  facts  which  render  it  doubtfuL 
Lsiady,  it  may  be  mentioned  that  no  definite  explanation  can  be  given 
of  the  connection  between  the  microscopic  structure  of  a  striated  muscular 
fibre  and  its  contraction.  Striation  is  characteristic  of  muscles  whose  con- 
traction is  rapid,  but  the  exact  purpose  of  the  striss  remains  as  yet 
unknown. 

It  was  Haller*  who  laid  the  foundations  of  our  knowledge  of  the 
Physiology  of  Muscle  and  Nerve  by  establishing  the  doctrine  of  muscular 
and  nervous  irritability.  The  most  important  results  since  that  time  have 
been  those  gained  by  the  investigations  of  Weber'  on  the  physical  changes 
which  attend  a  muscular  contraction,  of  Du  Bois-Reymond*  on  the  elec- 
trical phenomena  of  muscle  and  nerve,  of  Helmholtz'  on  the  velocity  of 
nervoos  impulses^  and  on  the  relative  duration  of  the  several  phases  of  a 

*  Together  with  certain  nitrogenous   elements  still  remaining  in  the  muscle, 
•eoordiog  to  the  riew  ezplidned  above. 

*  De  Part.  Carp.  Hum.  ientientibui  et  irritahilibui,  1753. 
^  MuMkeibewegung^  Wagner's  HandwUrterbuck. 

«  Untertueh.  «.  tMerUche  EUctricitAt.    1848—60. 

*  MdUer's  AreMv,  185a    JBerichU  Berlin.  Acad.  1854,  1864. 
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contraction,  of  PfiUger^  on  electrotonus,  of  KtLhne'  on  the  chemiBtry  of 
•muflcle,  and  of  Hermann'  on  the  respiration  of  musda  The  researches  of 
'Other  and  more  recent  authors  are  quoted  in  the  previous  text. 

ff 

Sec.  3.    Unstriated  Musculab  Tissue. 

Our  knowledge  of  the  phenomena  of  these  stnictures  is  very  im- 
perfect, since  (in  vertebrates)  they  do  not  exist  in  isolated  masses, 
like  the  striated  muscles,  but  occur  as  constituents  of  complex  organs, 
such  as  the  intestine,  ureter,  uterus,  &c.  They  undergo  ri^r  mortis: 
and  -what  little  information  we  do  possess  concerning  their  chemical 
•and  physical  features  leads  us  to  believe  that  the  processes  which 

'take  place  in  them  are  fundamentally  identical  with  those  occurring 
in  striated  muscle,  the  two  dififering  in  degree  rather  than  in  kind. 

'When  stimulated,  they  contract.  If  a  stimulus,  mechanical  or  elec- 
trical, be  applied  to  the  intestine  or  ureter  of  a  mamma!,  a  circular 
contraction  is  seen  to  take  place  at  the  spot  stimulated.    The  con- 

.*  traction,  which  is  preceded  by  a  very  long  latent  period,  lasts  a  ve^ 
considerable  time,  in  fact  several  seconds,  after  which  relaxation  slowly 

.takes  place.  That  is  to  say,  over  the  circularly  dispersed  fibres  of  the 
intestine  (or  ureter)  at  the  spot  in  question  there  has  passed  a  con- 
traction-wave remarkable  for  its  long  latent  period  and  for  the  slow- 

:  ness  of  its  development.  From  the  spot  so  directly  stimulated,  the 
contraction  may  pass  as  a  wave  (with  a  length  of  1  cm.  and  a  velocity 
of  from  20  to  30  millimetres  a  second  in  the  ureter*),  along  the  drcolar 
coat  both  upwards  and  downwards.    The  longitudinal  fibres  at  the 

•spot  stimulated  are  also  thrown  into  contractions  of  altogether  similar 
character,  and  a  wave  of  contraction  may  also  travel  longitudin- 
ally along  the  longitudinal  coat  both  upwards  and  downwards.  It 
is  evident  however  that  the  wave  of  contraction  of  which  we  are  now 
speaking  is  in  one  respect  diflferent  from  the  wave  of  contraction 

.  treated  of  in  dealing  with  striated  muscle.  In  the  latter  case  the 
contraction-wave  was  one  propagated  along  the  individual  fibre;  in 
the  case  of  the  intestine  or  ureter,  the  wave  is  one  which  is  propa- 
gated from  fibre  to  fibre,  both  in  the  direction  of  the  fibres,  as  when 
the  whole  circumference  of  the  intestine  is  engaged  in  the  contraction, 
or  when  the  wave  travels  longitudinally  along  the  longitudinal  coat, 
and  also  in  a  direction  at  right  angles  to  the  axes  of  the  fibres,  as 
when  the  contraction-wave  travels  lengthways  along  the  circular  coat 
of  the  intestine,  and  passes  across  a  breadth  of  the  longitudinal  coat 
Putting  aside  this  difl'erence,  however,  it  is  obvious  that  a  contraction- 
wave  passing  along  even  a  single  unstriated  fibre  also  differs  fro® 
that  passing  along  a  striated  fibre,  in  the  very  great  length  both  of 

,its  latent  period  and  of  the  duration  of  its  contraction. 

^  XJntenuch,  <L  d,  Physiologie  des  ElectroUmuSf  1859. 

«  Protoplatma,  1864. 

»  Stoffwechael  im  3Iushel,  1867—8. 

*  Eiigelmatm.    Pflttger's  Archiv,  il  (1869)  243. 
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If  the  stimulus  be  seviere  ^^Iien  mechanical,  or  if  the  interrupted  current 
be  used  as  a  stimulus,  the  duration  of  contraction  may  be  still  further  pro- 
longed ;  but  there  is  no  evidence  that  a  series  of  contractions  are  fused  into 
a  tetanus,  as  is  the  case  in  the  stiiated  muscles. 

The  unstriated  muscles  seem  to  be  remarkably  susceptible  to  the  influ- 
ences of  temperature.  Thus  according  to  Horvath  ^  the  unstriated  muscles 
of  the  trachea  will  not  contract  at  a  temperature  below  12^  C.  and  are  most 
active  at  a  temperature  above  21®  C.  So  also  the  movements  of  the  intestine 
at  a  temperature  below  19®  C, 


Waves  of  contraction  thus  passing  along  the  circular  and  longitu- 
dinal coats  of  the  intestine  give  rise  to  what  is  called  peristaltic 
action. 

In  striking  contradistinction  to  what  takes  place  in  the  striated 
muscles,  automatic  movements  are  exceedingly  common  in  struc- 
tdies  built  up  of  non-striated  muscles ;  these  moreover  exhibit  a 
great  tendency  to  rhythmic  action.  Thus  the  peristaltic  action  of 
the  intestine  and  m-eters,  and  the  corresponding  movements  of  the 
uteros,  are  at  once  rhythmic,  and  largely  automatic.  How  far  the 
juitomatism  and  the  rhythm  are  due  to  nervous  elements  is  uncertain. 

Engelmann*  has  shewn  that  the  middle  third  of  the  ureter  in  the 
rabbit  contains  no  discoverable  nervous  structures,  yet  this  portion  exhibits 
automatic  rhythmic  contractiona  It  is  worthy  of  notice,  that,  in  the 
absence  of  all  nerves,  the  propagation  of  the  contraction-wave  must,  in  this 
part  of  the  ureter,  be  carried  on  by  the  simple  contact  of  the  adjacent 
sur&oe  of  the  fibres  (which,  as  is  known,  possess  no  sarcolemroa).  The 
fibres,  by  their  complete  contact,  are  'physiologically  corUiniunia  with  each 
other* 

Sec.  4.    Carduc  Muscles. 

The  most  important  features  of  this  form  of  contractile  tissue  will 
be  studied,  when  we  come  to  deal  with  the  heart.  It  will  be  seen 
that  they  are  intermediate  between  ordinary  skeletal  and  non-striated 
muscles. 

Sec.  6.    Cilia. 

Ciliary  movement  consists  in  the  rapid  flexion  (into  a  sickle  or 
book-form)  of  the  cilium  and  its  less  rapid  return  to  its  previous 
straight  form.  The  diminished  velocity  of  the  return  leads  to  the 
force  of  the  ciliary  action  being  exerted  in  the  same  direction  as  the 
flexion.  The  cause  of  the  flexion  is  the  contraction  of  the  cilium, 
and  the  return  seems  to  be  an  elastic  reaction ;  all  attempts  to  ex- 
plain the  movements  by  events  occurring  at  the  base  of  the  cilium 
nave  failed.  Ciliary  movement  seems  therefore  to  differ  from  ordi- 
nary muscular  contraction  chiefly  in  the  size  of  the  apparatus  con- 
cerned.   The  movement  is  exceedingly  rapid :  thus  Engelmann'  has 


»  PflUger'B  Archiv,  xra.  (1876)  608.  •  Op.  eit. 

*  Ueber  die  FUmmerbewegung,  p.  22  (1868). 
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estimated  that  in  the  frog  the  flexions  are  repeated  at  least  twelve 
times  in  a  second.  The  movement  in  fact  is  too  rapid  to  be  visible ; 
it  can  only  be  seen  at  a  time  when  exhaustion  and  coming  death 
have  begun  to  retard  the  action ;  thus  Engelmann  found  that  he  was 
first  able  to  count  them  when  their  rapidity  declined  to  eight  in  a 
second.    The  tail  of  a  spermatozoon  is  practically  a  single  cilium. 

The  cilia  on  any  given  surface  work  not  only  all  in  the  same  direction, 
but  in  such  harmony  as  to  produce  a  definite  flow  in  the  fluid  covering  the 
sur&ce.  If  several  cilia,  or  the  cilia  of  several  cells  of  the  same  surface, 
worked  at  diflerent  times  they  would  produce  nothing  more  than  a  series 
of  small  whirlpools.  Cilia  are  in  fact  coordinated ;  but  since  no  nervous 
mechanism  whatever  is  present,  the  coordination  can  only  take  place 
through  the  several  cells  being,  like  the  imstriated  fibres  spokoi  of  just 
now,  physiologically  continuous. 

In  the  vertebrate  animal  cilia  are  as  far  as  we  know  wholly  inde- 
pendent of  the  nervous  system,  and  their  movement  is  probably 
ceaseless.    In  such  animals  however  as  Infusoria,  Hydiozoa»  &c.  a 
ciliary  tract  may  often  be  seen  to  stop  and  go  on  again,  to  move  fiast 
or  slow,  according  to  the  needs  of  the  economy,  and,  as  it  almost 
seems,  according  to  the  will  of  the  animals    Observations  with  gal- 
vanic currents,  constant  and  interrupted,  have  not  led  to  any  satis- 
factory results,  and,  as  far  as  we  know  at  present^  ciliary  action  is 
most  affected  by  changes  of  temperature  and  chemical  media.    Heat 
quickens,  cold  retards.    Very  dilute  alkalis  ai'e  favourable,  acids  are 
injurious.    An  excess  of  carbonic  acid  or  an  absence  of  oxy^n  arrests 
the  movements,  either  temporarily  or  i>ermanently,  aocordmg  to  the 
length  of  the  exposura     Chloroform  in  slight  doses  suspends  the 
action  temporarily,  in  excess  kills  and  disorganises  the  cells* 

Sec.  6.    Migrating  Cells. 

An  amoeboid  movement  of  a  white  corpuscle  is  essentially  a  form 
of  contraction.  In  the  contraction  of  a  muscular  fibre  the  movement 
of  protoplasm  is  definite  and  fixed,  being  at  right  angles  to  the  long 
axis  of  the  fibres,  and  thus  bringing  about  shortening  and  thickening. 
The  movement  of  protoplasm  in  an  amoe)i)a  is  irregular,  and  may  take 
place  in  any  direction. 

All  the  circumstances  which  affect  muscular  contraction,  heat^ 
absence  or  presence  of  oxygen  and  carbonic  acid,  &c.,  also  afifect 
protoplasmic  movements.  The  white  corpuscles,  like  muscular  fibres, 
suffer  rigor  mortis,  in  which  state  they  become  sphericaL 

The  complete  analogy  between  muscular  fibre  and  white  corpuscle  is 
rendered  difficult  by  the  £ict  that  complete  rest  of  the  corpuade  and 
univei*sal  contraction  of  the  corpuscle  both  result  in  the  maintenance  of  the 
same  spherical  form.  The  movement  of  a  white  corpuscle  is  dependent  on 
a  flow,  on  a  contraction,  of  some  part.  If  the  whole  corpuscle  sufiTers  the 
change  which  occuning  in  any  part  would  lead  to  a  movement  in  that 
part,  no  outward  visible  change  takes  place,  just  as  a  set  of  carefoUf 
balanced  muscles  would  remain  as  motionless  during  contraction  as  daring 
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THE  FUNDAMENTAL  PROPERTIES  OF 
NERVOUS  TISSUES. 


r  its  simplest,  and  probably  earliest  form,  a  nerve  is  nothing  more 
lan  a  thin  strand  of  irritable  protoplasm,  forming  the  means  of 
tal  commnnication  between  a  sensitive  ectodermic  cell  exposed  to 
ctrinsic  accidents,  and  a  muscular,  highly  contractile  cell  (or  a 
uscular  process  of  the  same  cell)  buried  at  some  distance  from  the 
irface  of  the  body,  and  thus  less  susceptible  to  external  influences. 
f*ig.  17,  A,  B.)  If  in  Hydra,  we  imagine  the  junction  of  the  ectodermic 
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odemi  cell  e  e,  with  its  mnscnlar  process  m  p,  as  in  Hydra. 
Hoderm  cell  ee  ia  oonneoted  with  the  mosole  eell  mo  by  means  of  the 
r^  motor  neire  m  n. 

(xerentiAted  sensitiTe  cell  «c  is  connected  by  means  of  the  sensory  nerre 
h  the  central  cell  c  c,  wliich  is  again  connected  by  means  of  the  motor 
•  n  with  the  mnsde  cell  m  c. 
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muscular  process  with  the  body  of  its  cell  to  be  drawn  oat  into  a 
thin  thread  (as  is  said  to  be  the  case  in  some  other  Hydrozoa),  we 
should  have  just  such  a  primary  nerve.  Since  there  would  be  no 
need  for  such  a  means  of  communication  to  be  contractile  and 
capable  of  itself  changing  in  form,  but  on  the  other  hand  an  advan- 
tage in  its  remaining  immobile,  and  in  its  dimensions  being  reduced 
as  much  as  possible  consistent  with  the  maintenance  of  irritability, 
the  primary  nerve  would  in  the  process  of  development  lose  the  pro- 
perty of  contractility  in  proportion  ais  it  became  more  irritable,  t.e. 
more  apt  in  the  propagation  of  the  waves  of  disturbance  arising  in 
the  ectodermic  cell\ 

We  have  already  seen  that  automatism,  t.0.  the  power  of  initiating 
disturbances  or  vital  impulses,  independent  of  aiiy  immediate  dis- 
turbing event  or  stimulus  from  without,  is  one  of  the  fundamental 
properties  of  protoplasm.  In  simpler  but  less  exact  language,  such 
a  mass  of  protoplasm  as  an  amoeba,  though  susceptible  in  the  highest 
degree  to  influences  from  without,  '  has  a  will  of  its  own ;'  it  executes 
movements  which  cannot  be  explained  by  reference  to  any  changes  in 
surrounding  circumstances  at  the  time  being.  A  hydra  has  also  a 
will  of  its  own ;  and  seeing  that  all  the  constituent  cells  (beyond  the 
distinction  into  ectoderm  and  endoderm)  are  alike,  we  have  no  reason 
for  thinking  that  the  will  resides  in  one  cell  more  than  in  another, 
but  are  led  to  infer  that  the  protoplasm  of  each  of  the  cells  (of  the 
ectoderm  at  least)  is  automatic,  the  will  of  the  individual  beinff 
the  co-ordinated  wills  of  the  component  cells.  In  both  Hydra  and 
Amoeba  the  processes  concerned  in  automatic  or  spontaneous  im- 
pulses, though  in  origin  independent  of,  are  subject  to  and  laigely 
modified  by,  influences  proceeding  from  without.  Indeed  the  great 
value  of  automatic  processes  in  a  living  body  depends  on  the 
automatism  being  affected  by  external  influences,  and  on  the  simple 
effects  of  stimulation  being  profoundly  modified  by  automatic  action. 

The  next  step  of  development  beyond  Hydra,  is  evidently  to 
differentiate  the  single  (ectodermic)  cell  into  two  cells,  of  which 
one,  by  division  of  labour,  confines  itself  chiefly  to  the  simple 
development  of  impulses  as  the  result  of  stimulation,  leaving  to  the 
other  the  task  of  automatic  action,  and  the  more  complex  transforma- 
tion of  the  impulses  generated  in  itself.  The  latter,  which  we  may 
call  the  eminently  automatic  cell  (though  much  of  the  work  which  it 
has  to  do  is  of  the  kind  we  shall  presently  speak  of  as  reflex  action), 
will  naturally  be  withdrawn  from  the  surface  of  the  body,  while  the 
other,  which  we  may  call  the  eminently  sensitive  cell,  will  still  retain 
its  superficial  position,  so  that  it  may  most  readily  be  affected  by  all 
changes  in  the  world  without,  Fig.  17  C.  And  just  as  a  primary 
TTiotor  nerve  arises  as  a  retained  thread  of  communication  between  a 
sensitive  cell  and  its  muscular  process,  so  a  primary  sensory  nerve 
may  be  conceived  of  as  arising  as  a  thread  of  communication  between 

^  See  the  valuable  observations  of  Bomanes  on  the  movements  of  the  Hvdrozoiu 
Phil.  Tram.  1870—77. 
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an  eminently  sensitive  cell,  and  its  twin  the  eminently  automatic  or 
central  cell.  By  this  arrangement  the  sensitive  cell,  relieved  of  the 
heavy  burden  of  spontaneous  action,  is  enabled  to  devote  itself  with 
greater  vigour  to  the  reception  of  external  influences ;  while  the  au- 
tomatic cell,  no  longer  hampered  by  the  physical  necessities  of  being 
which  are  imposed  on  the  superficial  cell,  exposed  as  this  is  to  every 
wind  and  wave,  but  secure  in  its  internal  retreat,  is  able  with  similar 
increased  energy,  to  devote  itself  either  to  the  production  of  spon« 
taneous  impulses,  or  to  profoundly  modifying  the  impulses  which  it 
receives  from  the  sensitive  cell.  Naturally  the  muscular  process  or 
muscular  fibre  would  on  the  splitting  of  the  original  single  cell 
remain  in  connection  with  the  more  eminently  automatic.  We  thus 
arrive  at  that  triple  fundamental  arrangement  of  a  nervous  system, 
in  its  simplest  form,  viz.  a  sensitive  cell  on  the  surface  of  the  body 
connected  by  means  of  a  sensory  nerve  with  the  internal  automatic 
eentnJ  nervous  ceU.  which  in  turn  is  connected  by  means  of  a  motor 
nerve  with  the  muscular  fibre-cell. 

We  have  already  seen  that  the  physiology  of  the  motor  nerve 
cannot  without  inconvenience  be  separated  from  that  of  the  muscular 
fibre.  In  the  same  way  the  physiology  of  the  sensory  nerve  cannot 
well  be  separated  from  those  modifications  of  supe^cial  sensitive 
cells  which  constitute  the  organs  of  sense.  We  may  add  that  the 
special  physiology  of  the  central  nervous  cells  can  only  profitably  be 
studied  in  connection  with  the  sensory  organs.  In  the  present 
chapter,  therefore,  we  purpose  to  confine  ourselves  to  the  consider- 
ation of  the  simplest  and  most  general  properties  of  the  central 
nervous  cells. 

These  are  arranged  in  the  vertebrate  body  in  two  great  systems : 
the  cerebrospinal  axis,  and  the  various  ganglia  scattered  over  the 
body;  we  shall  deal  with  such  properties  only  as  are  more  or  less 
common  to  the  two  systems.  We  may  premise  that  as  far  as  our 
knowledge  at  present  goes,  the  processes  which  are  concerned  in  the 
propagation  of  nervous  impulses  along  a  sensory  nerve-trunk  are 
identical  with  those  which  take  place  in  a  motor  nerve-trunk.  The 
phenomena  of  the  natural  nerve-current,  of  the  negative  variation 
during  the  passage  of  an  impulse  and  of  electrotonus  (and  these 
facts  mark  out,  as  we  have  seen,  the  limits  of  our  information  on  this 
matter),  are  exactly  the  same,  whether  the  piece  of  nerve-trunk 
experimented  on  be  a  mixed  nerve-trunk,  or  an  almost  purely  motor, 
or  an  almost  purely  sensory  nerve-trunk,  or  an  anterior  or  posterior 
nerve-root,  or  the  special  sensory  nerve  of  a  particular  sense,  such  as 
the  optic  nerve.  In  both  sensory  and  motor  nerves  the  changes 
accompanying  a  nervous  impulse  are  transmitted  equally  well  in 
both  directions. 

We  seem  justified  in  concluding  that  the  events  which  occur  in 
a  sensory  nerve  when  it  is  an  instrument  of  sensation,  differ  from 
those  which  take  place  in  a  motor  nerve  when  that  is  an  instrument 
of  movement,  only  so  far  as  the  sensory  impulses  are  generated  by 
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particular  processes  which  bear  the  stamp  of  the  sensory  cell  Id  which 
they  originated,  while  the  motor  impulses  are  generated  by  particolar 
processes  which  bear  the  stamp  of  the  central  nervous  cells  in  which 
they  in  turn  originated.  Just  as  in  a  musde-nenre  preparation  the 
phenomena  seen  in  a  nerve-trunk  differ  according  as  the  stimulus 
happens  to  be  a  constant  current,  or  an  interrupted  current,  or  a 
chemical  body,  though  they  are  essentially  but  shghtly  varied  com- 
binations of  the  same  fundamental  processes,  so  in  a  mixed  nerve* 
trunk  the  phenomena  differ  according  as  the  nervous  impulses  are 
set  going  by  the  action  of  a  central  nerve-cell,  or  by  some  agent 
acting  directly  on  the  nerve,  or  by  some  affection  of  this  or  that 
particular  form  of  sensory  cell  forming  part  of  a  sense-oigan.  Blue 
and  red  seem  to  us  quite  different  things ;  yet  they  differ  in  degree 
only — in  the  wave-length  of  their  respective  rays.  The  vanous 
forms  of  sensory  impulses  probably  differ  from  each  other  and  from 
the  various  forms  of  motor  impulses  in  a  somewhat  similar  way  as 
does  blue  from  red. 

In  the  scheme  sketched  out  above,  the  same  central  nervous  cell 
is  supposed  to  be  engaged  at  once,  both  in  originating  automatic 
actions  and  in  modifying  sensory  impulses  {%.e.  impulses  proceeding 
from  the  superficial  sensitive  cells),  previous  to  these  being  passed  on 
to  the  muscular  fibre.  It  is  evident  that,  where  two  or  more  central 
nervous  cells  occur  together,  a  further  differentiation  would  be  of 
advantage  :  a  differentiation  into  cells  which,  though  still  susceptible 
of  being  influenced  from  without,  should  be  more  especially  restricted 
to  automatic  action,  and  into  cells  which  should  for^o  their  auto- 
matism for  the  sake  of  being  more  efficient  in  modifying  sensory 
impulses,  with  a  view  of  transmuting  them  into  motor  impulses^  and 
so  of  giving  rise  to  appropriate  movements.  We  thus  gain  the  ftinda- 
mental  and  primary  differentiation  of  the  work  of  a  central  nervous 
system  into  automatic  and  into  reflex  operations.  These  are  veiy 
clearly  manifested  by  the  brain  and  spinal  cord,  and  probably  alsOi 
though  this  is  less  certain,  by  the  sporadic  ganglia. 

Automatic  actions.  In  the  vertebrate  animal  the  highest  form 
of  automatism,  individual  volition,  with  which  conscious  intelligence 
is  associated,  is  a  function  of  certain  parts  of  the  brain.  There  are 
evidences  of  the  existence  in  the  brain  of  other  forms  of  automatism. 
All  these  will  be  considered  in  detail  hereafter. 

In  the  spinal  cord  separated  from  the  brain  by  division  of  the 
medulla  oblongata,  it  becomes  difficult  to  draw  a  line  between  pureh 
automatic  and  reflex  actions.  Thus,  when  we  come  to  deaf  wiu 
Respiration,  we  shall  see  that  while  there  can  be  no  doubt  that  the 
muscular  respiratory  apparatus  is  kept  at  work  by  impulses  pro- 
ceeding, in  a  rhythmic  manner,  from  a  group  of  nerve-cells,  or 
respimtory  nervous  centre,  in  the  medulla  oblongata^  it  is  an  open 
question  whether  those  impulses  whose  generation  is  certamlf 
modified  by  centripetal  impulses  passing  to  the  centre  along  various 
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nerves,  are  abiBoliitely  antomatic:  %.e,  whether  they  can  continue  to 
make  their  appeanmce  when  no  influences  whatever  from  without 
are  brought  to  bear  upon  the  centre.  Similar  doubts  hover  round 
oUier  automatic  functions  of  the  spinal  cord.  We  shall  see  hereafter 
reasons  for  speaking  of  the  existence  in  the  medulla  oblongata  of 
a  vaso-motor  centre,  that  is  of  a  group  of  nerve-cells,  whence  im- 
pulses habitually  proceed  along  the  so-called  vaso-motor  nerves 
to  the  muscular  coats  of  the  small  arteries,  and  keep  these  vessels 
in  a  state  of  semi-contraction  or  tone  Here  too  it  is  doubtful 
whether  these  motor  or  efferent  impulses  can  be  generated  in  the 
absence  of  all  sensory  or  afferent  impulses.  The  posterior  lymphatic 
hearts  of  the  frog  are  connected  by  the  small  tenth  pair  of  spinal 
nerves  with  the  grey  matter  of  the  termination  of  the  spinal  cord, 
in  such  a  manner  that  destruction  of  that  part  of  the  spinal  cord  or 
section  of  the  tenth  nerves  apparently  puts  an  end  to  the  rhythmic 
pulsations  of  the  lymphatic  hearts.  Here  it  would  seem  as  if 
ihythmic  impulses  were  automatically  generated  in  the  lower  end  of 
the  cord,  and  proceeded  along  the  efferent  nerves  to  the  hearts,  thus 
determining  their  rhythmic  pulsations.  But  if  it  be  true,  as  asserted, 
that  the  rhythmic  pulsations,  though  arrested  for  a  time  by  sever- 
ance of  the  nerves,  or  destruction  of  the  lower  end  of  the  cord,  are 
after  a  while  resumed,  then  these,  too,  can  be  no  longer  counted 
among  the  automatic  phenomena  of  the  cord.  And  so  in  other 
instances  which  we  shall  meet  with  in  the  course  of  this  book.  The 
existence  of  automatism,  then,  even  of  this  comparatively  simple 
dbaracter,  is  at  least  doubtful.  That  all  higher  automatism  com- 
parable at  least  to  that  of  the  cerebral  hemispheres  is  itbsent,  may 
DO  regarded  as  certain. 

In  the  sporadic  ganglia  the  evidence  of  automatic  action  seems 
more  clear,  and  yet  is  by  no  means  absolutely  decisive.  The  beat  of 
the  heart  is  a  typical  automatic  action:  and,  since  the  heart  will 
continue  to  beat  for  some  time  when  isolated  from  the  rest  of  the 
body  (that  of  a  cold-blooded  animal  continuing  to  beat  for  hours,  or 
even  days),  its  automatism  must  lie  in  its  own  structures.  When, 
however,  we  come  to  discuss  the  beat  of  the  heart  in  detail,  we  shall 
find  that  it  is  still  an  open  question  whether  the  automatism  is 
confined  to  the  ganglia  (either  of  the  sinus  venosus,  auricles,  or 
auriculo-ventricular  boundary),  or  shared  in  by  the  muscular  tissue : 
whether,  in  fact,  the  automatism  is  a  muscular  automatism  like  that 
of  a  ciliated  cell,  or  the  automatism  of  a  differentiated  nerve-cell. 
And  yet  the  heart  is  the  case  where  the  automatism  of  the  ganglia 
seems  clearest. 

The  peristaltic  contractions  of  tl^  alimentary  canal  are  automatic 
movements ;  we  cannot  speak  of  them  as  being  simply  excited  by 
the  presence  of  food  in  the  canal,  any  more  than  we  can  say  that  the 
beat  of  the  heart  is  caused  by  the  presence  of  blood  in  its  cavities. 
When  absent  they  may  be  set  agoing,  and  when  present  may  be 
stopped  without  any  change  in  the  contents  of  the  canal.   They  vqa:J) 
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of  crmrse,  be  inflnenced  bv  the  contentB^  just  as  the  best  of  the  heart 
is  inflaenced  by  the  quantity  of  blood  in  its  cavitiea.  Thiongfaout 
the  intestines  are  foand  the  plexos  ot  Anerfaach  and  that  of  Meiasner ; 
to  each  or  both  of  these  the  aatomatism  of  the  peiistaltic  moTements 
has  been  referred.  Yet  in  the  ureter,  whose  peristakic  waTes  of  con- 
traction closely  resemble  that  of  the  intestine,  antomatism  is  evident 
in  the  middle  third  of  its  length;  in  whuji  Teffxm,  aoooiding  to 
Engelmann^  ganglia  are  entirely  absent. 

Thui),  while  in  the  spinal  cord  there  is  doobi  whether  pardy 
automatic,  as  stringently  distingoished  from  reflex,  actions^  take 
place,  in  the  case  of  the  sporadic  ganglia  the  uncertainty  is  whether 
the  clearly  automatic  movements  of  the  eigans  with  which  the 
ganglia  are  associated  are  due  to  the  nerve-oeUs  of  the  ganglia^  or  to 
the  mufiknilar  tissue  itself. 

Beflex  actioiis.  The  spinal  cord  offers  the  best  and  most  nimie- 
rous  examples  of  reflex  action.  In  fact,  reflex  action  may  be  said 
to  be,  par  exceUeiice,  the  function  of  the  spinal  cord ;  and  the  grey 
matter  of  the  spinal  cord  may  be  broadly  considered* as  a  multitude 
of  reflex  centres.  We  have  here  to  consider  the  cord  merely  in  its 
general  aspects ;  and  must  postpone  the  special  consideration  of  the 
particular  forms  of  reflex  action  which  it  exhibits,  as  they  come  before 
us  in  various  connections,  or  until  we  have  to  deal  with  it  as  part 
of  the  great  central  nervous  machinery. 

In  its  simplest  form  a  reflex  action  is  as  follows.  All  the  ma- 
chinery it  demands  is  (a)  a  sentient  surface  (external  or  internal), 
connected  by  (6)  a  sensory,  or — ^to  adopt  the  more  general  and 
Ixjtter  term — aflerent  nerve,  with  (c)  a  central  nerve-cell  or  group 
of  C4>nriected  nerve-cells,  which  is  in  relation  by  means  of  (d)  a  motor, 
or  cflerent,  nerve,  or  nerves,  with  (e)  a  muscle,  or  muscles,  or  some 
other  irritable  tissue-elements,  capable  of  responding  by  some  change 
in  their  condition,  to  the  advent  of  efferent  impulses.  The  afferent 
impul.ses  started  in  a,  passing  along  6,  reach  the  centre  c,  are  there 
transmuted  into  efferent  impulses,  which,  passing  along  c^  finally 
reach  e,  and  there  produce  a  cognisable  effect.  The  essence  of  a 
reflex  action  consists  in  the  transmutation,  by  means  of  the  irritable 
protoplasm  of  a  nerve-cell,  of  afferent  into  efferent  impulses.  As  an 
apimmch  to  a  knowledge  of  the  nature  of  that  transmutation,  we 
may  lay  down  the  following  propositions. 

TJie  number,  intensity,  character  and  distribiUion  of  the  efferent 
impulses  is  determined  chiefly  by  the  events  which  take  place  in  the 
protoplasm  of  tlie  reflex  centre.  It  is  not  that  the  afferent  impulse  is 
Himply  reflected  in  the  nerve-cell,  and  so  becomes  with  but  little 
change  an  efferent  impulse.  On  the  contrary,  an  afferent  impulse 
poHHing  along  a  single  sensory  fibre  may  give  rise  to  efferent  impulses 
passing  along  many  motor  nerves,  and  call  forth  the  most  complex 
movunients.    An  instance  of  this  disproportion  of  the  afferent  and 

^  rflUger*8  Archiv,  xi.  248. 
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efferent  impulses  Is  seen  in  the  case  where  the  contact  with  the 
glottis  of  a  foreign  body  so  insignificant  as  a  hair  causes  a  violent 
fit  of  coughing.  Under  such  circumstances  a  slight  contact  with 
the  mucous  membrane,  such  as  could  not  possibly  give  rise  to  any- 
thing more  than  few  and  feeble  impulses,  may  cause  the  discharge  of 
80  many  efferent  impulses  along  so  many  motor  nerves,  that  not  only 
all  the  respiratory  muscles,  but  almost  all  the  muscles  of  the  body, 
are  brought  into  action.  A  similar  though  less  striking  incommen- 
surateness  between  the  afferent  and  efferent  impulses  is  seen  in 
every  reflex  action.  In  fact,  the  afferent  impulse  when  it  reaches 
the  protoplasm  of  the  nerve  produces  there  a  series  of  changes,  of 
explosive  disturbances,  which,  except  that  the  nerve-cell  does  not  in 
any  way  change  its  form,  may  be  likened  to  the  explosive  changes  in 
a  muscle  on  the  arrival  of  an  impulse  along  its  motor  nerve  ^.  The 
chan^  in  a  nerve-ceU  during  reflex  acUon,  we  might  say  during  its 
activity,  far  more  closelv  resemble  the  changes  during  a  muscular 
contraction  than  those  which  accompany  the  passage  along  a  nerve  of 
either  an  afferent  or  eff^ent  impulse.  The  simple  passage  along 
a  nerve  is  accompanied  by  little  expenditure  of  energy;  it  neither 
gains  nor  loses  force  to  any  great  extent  as  it  progresses.  The  trans- 
mutation in  a  nerve-cell  is  most  probably  (though  the  direct  proofs 
are  perhaps  wanting)  accompanied  by  a  large  expenditure  of  energy, 
and  a  simple  nervous  impulse  in  suffering  this  transmutation  in  a 
central  nervous  organ  may  accumulate  in  intensity  to  a  very  remark- 
able extent,  as  in  the  case  of  strychnia  poisoning. 

The  nature  of  the  efferent  impuises  is,  however,  determined  also  by 
the  nature  of  the  afferent  impulses.  The  nerve-centre  remaining  in 
the  same  conj^tion,  the  stronger  or  more  numerous  impulses  will  give 
rise  to  the  more  forcible  or  more  comprehensive  movements.  Thus 
if  the  flank  of  a  brainless  frog  be  very  lightly  touched,  the  only 
reflex  movement  which  is  visible  is  a  slight  twitching  of  the  muscles 
lying  immediately  underneath  the  spot  of  skin  stimulated.  If  the 
stimulus  be  increased,  the  movements  will  spread  to  the  hind-leg  of 
the  same  side,  which  frequently  will  execute  a  movement  calculated 
to  push  or  wipe  away  the  stimulus.  By  forcibly  pinching  the  same 
spot  of  skin,  or  otherwise  increasing  the  stimulus,  the  resulting  move- 
ments may  be  led  to  embrace  the  fore-leg  of  the  same  side,  then  the 
opposite  side,  and  finally,  almost  all  the  muscles  of  the  body.  In 
other  words,  the  disturbance  set  going  in  the  central  nerve-cells, 
confinefl  when  the  stimulus  is  slight  to  a  few  nerve-cells  and  to  a 
few  nerve-fibres,  oversows,  so  to  speak,  when  the  stimulus  is  in- 
creased, on  to  a  number  of  adjoining  and  (we  must  conclude)  con- 
nected cells,  and  thus  throws  impulses  into  a  large  and  larger 
number  of  efferent  nerves. 

Certain  relations  may  be  observed  between  the  sentient  spot  stimu- 
lated and  the  resulting  movem^ent.    In  the  simplest  cases  of  reflex 

^  The  qnestion  as  to  how  far  these  processes  in  the  oentral  cells  are  connected  with 
the  derelopment  of  oonBoioosness  is  here  purposely  passed  over. 
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action  this  relation  is  merely  that  the  muscles  thrown  into  action  are 
those  governed  by  a  motor  nerve  which  is  the  fellow  of  the  sensoiy 
nerve,  the  stimulation  of  which  calls  forth  the  movement.  In  the 
more  complex  reflex  actions  of  the  brainless  frog,  and  in  other  cases, 
the  relation  is  of  such  a  kind  that  the  resulting  movement  bears  an 
adaptation  to  the  stimulus;  the  foot  is  withdrawn  from  the  sti- 
mulus, or  the  movement  is  calculated  to  push  or  wipe  away  the 
stimulus.  In  other  words,  a  certain  purpose  is  evident  in  the  reflex 
action. 

Thus  in  all  cases,  except  perhaps  the  very  simplest^  the  move- 
ments called  forth  by  a  reflex  action  are  exceedingly  complex,  com- 
pared with  those  which  result  from  the  direct  stimulation  of  a  motor 
trunk.  When  the  peripheral  stump  of  a  divided  sciatic  nerve  is 
stimulated  with  the  mterrupted  current,  the  muscles  of  the  leg  are  at 
once  thrown  into  tetanus,  continue  in  the  same  ri^d  condition 
during  the  passage  of  the  current,  and  relax  immediately  on  the 
current  being  shut  off.  When  the  same  current  is  applied  for  a 
second  only,  to  the  skin  of  the  flank  of  a  brainless  frog,  the  1^  is 
drawn  up  and  the  foot  rapidly  swept  over  the  spot  irritated,  as  u  io 
wipe  away  the  irritation ;  but  this  movement  is  a  complex  one^  re- 
quiring the  contraction  of  particular  muscles  in  a  definite  sequence, 
with  a  carefully  adjusted  proportion  between  the  amounts  of  contrac- 
tion of  the  individual  muscles.  And  this  complex  movement,  tbis 
balanced  and  arranged  series  of  contractions,  may  be  repeated  more 
than  once  as  the  result  of  a  single  stimulation  of  the  skin.  When 
a  deep  breath  is  caused  by  a  dash  of  cold  water,  the  same  co- 
ordinated and  carefully  arranged  series  of  contractions  is  also  seen  to 
result,  as  part  of  a  reflex  action,  from  a  simple  stimulus*  And  many 
more  examples  might  be  given. 

In  such  cases  as  these,  part  of  the  complexity  may  be  due  to  the 
fact  that  the  stimulus  is  applied  to  terminal  sensory  organs  and  not 
directly  to  a  nerve-trunk.  As  we  shall  see  in  speaking  of  the  senses, 
the  impulses  which  are  generated  by  the  application  of  a  stimulus  to 
a  sensory  organ  are  more  complex  than  those  which  result  from  the 
direct  stimulation  of  a  sensory  nerve-trunk.  Nevertheless,  reflex 
actions  of  great  if  not  of  equal  complexity  may  be  induced  by  stimuli 
applied  directly  to  a  nerve-trunk.  We  are  therefore  obliged  to  con- 
clude that  in  a  reflex  action,  the  processes  which  are  originated  in  the 
central  nerve-cells  by  the  arrival  of  simple  impulses  along  afferent 
nerves  may  be  highly  complex ;  and  that  it  is  the  constitution  and 
condition  of  the  nerve-cells  which  determine  the  complexity  and 
character  of  the  movements  which  are  effected.  In  other  words,  th^ 
central  nerve-cells  concerned  in  reflex  actions  are  to  be  regarded  as 
constituting  a  sort  of  molecular  machinery,  the  character  of  the  re- 
sulting movements  being  determined  by  the  nature  of  the  machineiT 
set  going  and  its  condition  at  the  time  being,  the  character  and 
amount  of  the  afferent  impulses  determining  exactly  what  parts  of 
and  how  far  the  central  machinery  is  thrown  into  action. 
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Aetions  of  Sporadic  Ganglia.  Seeing  that  in  the  spinal  cord, 
iie  nerve-ceUfl  undoubtedly  are  the  centnd  structures  concerned  in 
16  production  of  reflex  action,  it  is  only  natural  to  infer  that  the 
erve-cells  of  the  sporadic  ganglia  possess  similar  functions.  Tet  the 
ndence  of  this  is  at  present  of  very  limited  extent.  With  regard  to 
le  ganglia  on  the  posterior  roots  of  the  spinal  nerves,  all  the  evi* 
eoce  goes  to  shew  that  these  poMssess  no  power  whatever  of  reflex 
Ttion.  Of  the  larger  ganglia  visible  to  the  naked  eye,  such  as  the 
liary,  otic,  ^,  we  have  indications  of  reflex  action  in  one  only, 
iz.  the  submaxillary,  and  these  indications  are,  as  we  shall  see  in 
"eating  of  the  salivary  glands,  disputed.  We  have  no  exact  proof 
lat  the  ganglia  of  the  sympathetic  chain,  or  of  the  larger  sympa* 
letic  plexuses,  are  capable  of  executing  reflex  actions. 

In  feet,  in  searching  for  reflex  «tions  in  ganglia,  we  are  reduced 
>  the  small  microscopic  groups  of  cells  buried  in  the  midst  of  the 
ssaes  to  which  they  belong,  such  as  the  ganglia  of  the  heart,  of  the 
itestine,  the  bladder,  &c.  When  a  Quiescent  frog's  heart  is  stimu- 
kted  by  touching  its  surface,  a  beat  takes  place.  This  beat  is,  as  we 
lall  see,  a  complex,  coordinated  movement,  very  similar  to  a  reflex 
ction  brought  about  by  means  of  the  spinal  cord ;  and  in  its  produc- 
xm  it  is  probable  tnat  the  cardiac  ganglia  are  in  some  way 
mcemed.  When  a  quiescent  intestine  is  touched  or  otherwise 
Emulated,  peristaltic  action  is  set  up.  Here  again  the  ganglia 
resent  in  the  intestinal  walls  may  be  supposed  to  play  a  part; 
ut  this  movement  is  much  more  simple  than  the  beat  of  the  heart, 
nd  as  regards  it,  and  more  especially  as  regards  the  similar 
eristaltic  action  of  the  ureter,  it  becomes  difficult  to  distinguish 
etween  a  movement  governed  by  ganglia,  and  one  produced  by 
irect  stimulation  of  the  muscular  fibres.  We  have  seen  that 
be  great  distinction  between  a  reflex  action  and  a  movement 
aused  by  direct  stimulation  of  a  nerve  or  of  a  muscle  lies  in  the 
reater  complexitv  of  the  former;  and  we  may  readily  imagine, 
hat  by  continued  simplification  of  the  central  nervous  machinery, 
he  two  might  in  the  end  become  so  much  alike  as  to  be  almost 
^distinguishable. 

In  the  vertebrate  animal  then  the  chief  seat  of  reflex  action 
1  the  spinal  cord  and  brain.  We  say  'and  brain'  because,  as 
ire  shall  see  later  on,  the  brain,  in  addition  to  its  automatism, 
i  as  busy  a  field  of  reflex  action  as  the  spinal  cord. 

Inhibitioai  In  speaking  of  reflex  action,  we  took  it  for  granted 
hat  the  spinal  cord  was,  at  the  moment  of  the  arrival  of  the 
.flerent  impulses  at  the  central  nerve-cells,  in  a  quiescent  state; 
hat  the  nerve-cells  themselves  were  not  engaged  in  any  auto- 
natic  action.  We  were  justified  in  doing  so,  because  as  far  as 
he  muscles  generally  of  the  body  are  concerned,  the  spinal  cord 
B  in  a  brainless  frog  perfectly  quiescent;  an  afferent  impulse 
eaching  an  ordinary  nerve-cell  of  the  spinal  cord  does  not  find 
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it  preoccupied  in  any  other  business.  But  yAmk  happens  vhen 
afferent  impulses  reach  a  nerve-cell  or  a  group  of  nerve-cells  already 
engaged  in  automatic  action  ? 

We  have  already  referred  to  an  automatic  respiratory  centie 
in  the  medulla  oblongata.  We  may  here  premise,  what  we  shall 
shew  more  in  detail  hereafter,  that  the  pneumogastric  nerve  is 
peculiarly  associated  as  an  afferent  nerve  with  this  respiratoiy 
centre.  Now  if  the  central  end  of  the  divided  pneumogastric  be 
stimulated  at  the  time  when  the  respiratory  centre  is  engaged 
in  its  accustomed  rhythmic  action,  sending  out  complex  co-ordinated 
impulses  of  inspiration  (and  of  expiration)  at  regular  intervals,  one 
of  two  things  may  happen,  the  choice  of  events  being  determined  by 
circumstances  which  need  not  be  considered  here. 

The  most  striking  event,  and  the  one  which  interests  us  now, 
is  that  the  respiratory  rhythm  is  slowed  or  stopped  altogether. 
That  is  to  say,  that  afferent  impulses  which,  under  ordinary  con- 
<litions,  would,  on  reaching  a  quiescent  nervous  centre,  give  lise 
to  movement,  may,  under  certain  conditions,  when  brought  to 
bear  on  an  already  active  automatic  nervous  centre,  check  or  stop 
movement  by  interfering  with  the  production  of  efferent  impulses 
in  that  centre.  This  stopping  or  checking  an  already  present 
action  is  spoken  of  as  an  'inhibition;'  and  the  effect  of  the 
pneumogastric  in  this  way  on  the  respiratory  centre  is  spoken  of 
as  Hhe  inhibitory  action  of  the  pneumogastric  on  the  respiratoiy 
centre.* 

The  other  event  is  that  the  respiratory  rhythm  is  accelerated. 
We  shall  hereafter  discuss  the  explanation  of  the  two  events.    We 
may  however  premise  that  according  to  one  view  the  pneumo- 
gastric contains  among  its  afferent  fibres  two  sets,  which  are  either 
of  a  different  nature  from  each  other,  or  are  so  differently  connect^ 
with  the  respiratory  centre,  that  impulses  arriving  along  one  stop» 
while  those  arriving  along  the  other  quicken,  the  action  of  tb»»^ 
centre.    Hence,  the  one  set  are  called  'inhibitory,'  the  other  *a<^ 
celerating'  or  'augmenting'  fibres.    But  we  are  concerned  at  preso'^ 
only  with  the  fact  that  the  stimulation  of  a  nerve  may  prodi^^ 
inhibitory  or  augmentative  effects. 

Similarly  the  vaso-motor  centre  in  the  medulla  may,  by  impul^^ 
arriving  along  various  afferent  tracts,  be  inhibited,  during  which  "t^* 
muscular  walls  of  various  arteries  are  relaxed;  or  augmented,  wher^* 
the  tonic  contraction  of  various  arteries  is  increased. 

The  most  striking  instance  of  inhibition  is  offered  by  the  hec^^ 
If  when  the  heart  is  beating  well  and  regularly,  the  pneumogast>^ 
be  divided,  and  the  peripheral  portion  be  stimulated  even  for  a  v^^ 
short  time  with  an  interrupted  current,  the  heart  is  immediat^'- 
brought  to  a  standstill  Its  beats  are  arrested,  it  lies  perfeci^fc 
flaccid  and  motionless,  and  it  is  not  till  after  some  little  tmie  tb^^ 
it  recommences  its  beat.  Here  again  it  is  usually  said  that  ib^ 
pneumogastric  contains   efferent  cardio-inhibitory  fibres,  impulse 
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ig  along  which  from  the  medulla  stop  the  automatic  actions 
\  cardiac  ganglia;  the  respiratory  inhibitory  fibres  of  the  same 
are  afferent,  t.  e,  impulses  pass  along  them  up  to  the  medulla, 
lough  inhibition  is  most  clearly  seen  in  the  case  of  automatic 
s,  other  actions  may  be  similarly  inhibited.  Thus,  as  we  shall 
ber  on,  the  reflex  actions  of  the  spinal  cord  may,  by  appropriate 
I,  be  inhibited. 
}  sum  upi  theui  the  most  fundamental  properties  of  nervous 

^e-fibr«  .«  oonoen^d  in  the  p^jogatiou^only,  not  i„  fte 
ation  or  transformation,  of  nervous  impulses.  As  far  as  is  at 
it  known,  impulses  are  propagated  in  the  same  manner  along 
jensoiT  and  motor  nerves.  Sensorv  impulses  differ  from  motor 
ses  iSsmuch  as  the  former  are  ^ene^ted  in  sensory  organs 
>ass  up  to  the  central  nervous  cells,  while  the  latter  pass 
the  central  nervous  ceUs  to  the  muscles  or  to  some  other  peri- 
I  organs. 

le  operations  of  the  nerve-cells  are  either  automatic  or  re^ez. 
th  an  automatic  and  a  reflex  action,  the  diversity  and  the 
ination  of  the  impulses  is  determined  by  the  condition  of  the 
•cells.  During  the  passage  of  an  impulse  along  a  nerve-fibre, 
is  no  augmentation  of  energy ;  in  passing  through  a  nerve-cell, 
igmentation  may  be,  and  generally  is,  most  considerable, 
ben  afferent  impulses  roach  a  centre  already  in  action,  the 
ty  of  that  centre  may,  according  to  circumstances,  be  either 
ised  or  exalted,  may  be  'inhibited'  or  'augmented.' 


CHAPTER  IV. 

THE  VASCULAR  MECHANISM. 

Im  order  that  the  blood  may  be  a  satiafactory  mediam  of  eom^' 
munication  between  all  the  tLssues  of  the  body,  two  things  aie 
necessary.  In  the  first  place,  there  must  be  through  all  parts  of 
the  body  a  flow  of  blood,  of  a  certain  rapidity  and  general  constancj* 
In  the  second  place,  this  flow  must  be  susceptible  of  both  general 
and  local  modifications.  In  order  that  any  tissue  or  oi^gan  may 
readily  adapt  itself  to  changes  of  cirpumstance  (acti(m,  repose,  &&), 
it  is  of  advantage  that  the  quantity  of  blood  passing  to  it  should  be 
not  absolutely  constant,  but  capable  of  variation.  £i  order  that  the 
material  equilibrium  of  the  body  may  be  maintained  as  exactly  as 
possible,  it  is  desirable  that  the  loading  of  the  blood  with  substanoes 
proceeding  from  the  unwonted  activity  of  any  one  tissue,  should  be 
accompanied  by  a  greater  flow  of  blood  through  some  excretory  or 
metabolic  tissue  by  which  these  substances  may  be  removed.  Simi- 
larly it  is  of  advantage  to  the  body  that  the  general  flow  of  Uood 
should  in  some  circumstances  be  more  energetic,  and  in  others  leas 
so,  than  normal. 

The  first  of  these  conditions  is  dependent  on  the  mechanical  andL 
physical  properties  of  the  vascular  mechanism;  and  the  problems 
connected  with  it  are  almost  exclusively  mechanical  or  ph^ical 
problems.  The  second  of  these  conditions  depends  on  the  inter- 
vention of  the  nervous  system;  and  the  problems  connected  with  iti 
are  essentially  physiological  problems. 

I.    The  Physical  Phenomena  of  the  Circulation. 
The  apparatus  concerned  in  the  Maintenance  of  the  NonDAJ 

Flow  is  as  follows: 

1.  The  heart,  beating  rhythmically  by  virtue  of  its  contractili*jr 
and  intrinsic  mechanisms,  and  at  each  beat  discharging  a  certain 
quantity  of  blood  into  the  aorta.  [For  simplicity's  sake  we  omit  fi^' 
the  present  the  pulmonary  circulation.] 

2.  The  arteries,  highly  elastic  throughout,  with  a  circular  m^^ 
cular  element  increasing  in  relative  importance  as  the  arteries 
diminish  in  size.  It  must  not  be  forgotten  that  the  muscolaf 
element  is  also  elastic.  s 
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When  an  artery  divides,  the  united  sectional  area  of  the  branches 
as  a  rule,  larger  than  the  sectional  area  of  the  stem.  Thus 
I  collective  capacity  of  the  arteries  is  continually  (and  rapidly) 
xeasing  from  the  heart  towards  the  capillaries.  If  all  the  arterial 
tnches  were  fused  together,  they  would  form  a  funnel,  with  its  apex 
'the  aorta.  The  united  sectional  area  of  the  capillaries  has  been 
culated  by  Yierordt  to  amount  to  several  (eight?)  hundred  times 
tt  of  the  aorta. 

3.  The  capillaries^  channels  of  exceedingly  small  but  variable 
eu  Their  walls  are  elastic  (as  shewn  by  their  behaviour  during 
)  passage  of  blood-corpuscles  through  them),  exceedingly  thin 
1  permeable.  They  are  permeable  both  in  the  sense  of  allowing 
ids  to  pass  through  them  by  osmosis,  and  also  in  the  sense  of 
firing  white  aud  red  corpuscles  to  traverse  them.  The  small 
eries  and  veins,  which  gradually  pass  into  and  from  the  capillaries 
^perly  so  called,  are  similarly  permeable,  in  a  degree  inversely 
>Ix>rtional  to  their  size. 

4.  The  veins,  less  elastic  than  the  arteries,  and  with  a  very 
riable  muscular  element  The  united  sectional  area  of  the  veins 
oinishes  from  the  capillaries  to  the  heart,  thus  resembling  the 
eries;  but  the  united  sectional  area  of  the  vente  cavas  at  their 
ilxyachment  into  the  right  auricle  \b  greater  than  that  of  the  aorta 
its  origin.  (The  proportion  is  nearly  two  to  one.)  The  total 
ladty  of  the  veins  is  similarly  much  greater  than  that  of  the 
eries.  The  veins  alone  can  hold  the  total  mass  of  blood  which  in 
^  is  distributed  over  both  arteries  and  veins.  Indeed  nearly  the 
ole  blood  is  capable  of  being  received  by  what  is  merely  a  part  of 
^  Tenons  system,  viz.  the  vena  portas  and  its  branches.  Such  veins 
QJ^  for  various  reasons  liable  to  a  reflux  of  blood  from  the  heart 
V'ards  the  capillaries,  are  provided  with  valves. 


Sec.  1.    Main  General  Facts  op  the  Circulation. 

1.     The  Capillary  CircuUiHon. 

If  the  web  of  a  frog's  foot  be  examined  with  a  microscope, 
*  blood,  as  judged  of  by  the  movements  of  the  corpuscles,  is  seen 
be  passing  in  a  continuous  stream  from  the  small  arteries  through 
^  capillaries  to  the  veins.  The  velocity  is  greater  in  the  arteries 
^  in  the  veins,  and  greater  in  both  than  in  the  capillaries.  In 
^  arteries  faint  pulsations,  synchronous  with  the  heart's  beat,  are 
^Hsionally  visible;  and  not  unfrequently  variations  in  velocity  and 
the  distribution  of  the  blood,  due  to  causes  which  will  be  hereafter 
Knissed,  are  witnessed  from  time  to  time. 

The  flow  through  the  smaller  capillaries  is  very  variable.  Some- 
^es  the  corpuscles  are  seen  passing  through  the  channel  (which 
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when  collapsed  may  have  a  diameter  smaller  than  the  short  azi 
corpuscle)  in  single  file  with  great  regularity  at  a  velocity 
*57  mm.  in  a  second.  (In  the  human  retina  the  velocity  is 
per  sec.  according  to  Yierordt.)  At  other  times,  the  corpusd 
pass  along  a  given  capillary  may  be  few  and  far  between, 
times  the  corpuscle  may  remain  stationary  at  the  entnuu 
capillary,  the  channel  itself  being  for  some  little  distance 
free  from  corpuscles.  Any  one  of  these  conditions  readil 
into  another,  and,  especially  with  a  somewhat  feeble  cb 
instances  of  all  of  them  may  be  seen  in  the  same  field  of  tl 
scope.  It  is  only  in  the  case  of  a  very  full  circulation  tha 
capillaries  can  be  seen  equally  filled  with  corpuscles.  The  1 
red  corpuscle  moves  with  its  long  axis  parallel  to  the  stn 
quently  rotating  on  its  long  axis  and  sometimes  on  its  st 
The  flexibility  and  elasticity  of  a  corpuscle  is  well  seen  w 
being  driven  into  a  capillary  narrower  than  itself,  or  when  it 
temporarily  lodged  at  the  angle  between  two  diverging  < 
The  small  mammaUan  corpuscles  rotate  largely  as  they  ai 
along. 

In  the  larger  capillaries,  and  especially  in  the  small  art( 
veins  which  permit  the  passage  of  several  corpuscles  abret 
observed  that  the  red  corpuscles  run  in  the  middle  of  the 
forming   a   coloured   core,  between   which    and   the    sides 
vessel  all  round  is  a  layer,  containing  no  red  corpuscles, 
layer,  the  so-called  *  inert  layer,*  are  frequently  seen  white  co 
sometimes  clinging  to  the  sides  of  the  vessel,  sometimes  rolliiH 
along,  and  in  general  moving  irregularly,  and  often  in  jerk 
division  into  an  inert  layer  and  an  axial  stream  is  due  to 
that  in  any  stream  passing  through  a  closed  channel  the  fi 
greatest  at  the  immediate  sides,  and  diminishes  towards  t 
The  corpuscles  pass  where  the  friction  is  least,  in  the  axis, 
similar  axial  core  is  seen  when  any  fine  particles  are  driven  in  ; 
of  fluid  through  a  narrow  tube.     The  phenomena  cease  with 
of  the  fluid.    Many  of  the  white  corpuscles  are  frequently 
the  inert  layer.     This  is  said  to  be  due  to  their  being  sp< 
lighter  than  the  red  corpuscles.     When  fine  particles  of  tw 
one  lighter  than  the  other,  are  driven  through  a  narrow  ti 
heavier  particles  flow   in   the  axis  and  the   lighter  in  tl 
peripher^  portions  of  the  stream.     The  white  corpuscles  \ 
are  distinctly  more  adhesive  than  the  red,  as  is  seen  by  the 
in  which  they  become  fixed  to  the  glass  slide  and  cover-slip 
drop  of  blood  is  mounted  for  microscopical  examination ; 
reason  of  this  adhesiveness  they  may  become  temporarily  { 
to  the  walls  of  the  vessel,  and  consequently  appear  in  the  ine 
The  resistance  to  the  flow  of  blood  thus  caused  by  the 
generated  in  so  many  minute  passages,  is  one  of  the  most  in 
physical  facts  in  the  capillary  circulation.    In  the  large  arte 
friction  is  small;  it  increases   as  they  divide,  and  receives 
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great  addition  in  the  minute  arteries  and  capillaries.  It  need  per- 
Daps  hardly  be  said  that  this  pjeripheral  friction  not  only  opposes  the 
flow  of  blood  through  the  capillaries  themselves,  but,  working  back- 
wards along  the  whole  arterial  system,  has  to  be  met  by  the  heart  at 
each  systole  of  the  ventricle. 


2.     Hhe  Flow  in  the  Arteries, 

When  an  artery  is  severed,  the  flow  from  the  proximal  section 
is  not  equable,  but  comes  in  jets,  which  correspond  to  the  heart- 
beats, though  liie  flow  does  not  cease  between  the  jets.  The  blood 
u  ejected  with  considerable  force;  thus,  in  Dr  Stephen  Hales' ^ 
experiments,  when  the  crural  artery  of  a  mare  was  severed,  the  jet, 
even  after  much  loss  of  blood,  rose  to  the  height  of  two  feet  The 
luger  the  arteiy  and  the  nearer  to  the  heart,  the  neater  the  force 
with  which  the  blood  issues,  and  the  more  marked  the  intermittence 
ef  the  flow.  The  flow  from  the  distal  section  may  be  very  slight,  or 
may  take  place  with  considerable  force  and  marked  intermittence, 
Moording  to  the  amount  of  collateral  communication. 

Arterial  pramire.  If,  while  the  blood  is  flowing  normally  along 
ft  large  artery,  e.g.  the  carotid,  a  mercury  (or  water)  manometer, 
Rg»  18,  be  coimected  with  a  hole  in  the  side  of  the  artery,  so  that 
there  is  free  communication  between  the  interior  of  the  artery  and 
the  proximal  (descending)  limb  of  the  manometer,  the  following  facts 
•fe  observed. 

Immediately  that  communication  is  established  between  the 
':  interior  of  the  artery  and  the  manometer,  blood  rushes  from  the 
former  into  the  latter,  driving  some  of  the  mercury  from  the  de- 
scending limb  into  the  ascending  limb,  and  thus  causing  the  level  of 
j|  the  mercury  in  the  ascending  limb  to  rise  rapidly.  This  rise  is 
\  marked  by  jerks  corresponding  with  the  heart-beats.  Having  reached 
i|  a  certain  level,  the  mercury  ceases  to  rise  any  more.  It  does  not, 
sp  however,  remain  absolutely  at  rest,  but  undergoes  oscillations;  it 
•s  keeps  rising  and  falling.  Each  rise,  which  is  very  slight  compared 
r:  with  the  total  height  to  which  the  mercury  has  risen,  has  the  same 
co^  rhythm  as  the  systole  of  the  ventricle.  Similarly,  each  fall  corre- 
al iponds  with  the  diastole. 

^  If  a  float,  swimming  on  the  top  of  the  mercury  in  the  ascending 
f  limb  of  the  manometer,  and  bearing  a  brush  or  other  marker,  be 
i  brought  to  bear  on  a  travelling  surface,  some  such  tracing  as  that 
Represented  in  Fig.  19  will  be  described.  Each  of  the  smaller  curves 
(p,  p)  corresponds  to  a  heart-beat,  the  rise  corresponding  to  the  systole 
and  the  fall  to  the  diastole  of  the  ventricle.  The  larger  undulations  (r,  r) 
in  the  tracing,  which  are  respiratory  in  origin,  will  be  discussed 

1  Statical  Esiay$,  Vol.  ii.  p.  2  (17S2). 
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Fio.  18.    Appabatub  iob  ihtbbtioatzno  Blood^Pbissubi. 

At  the  upper  righi-hAad  corner,  ia  seen,  on  an  enlarged  scale,  the  carotid  artery, 
olAinped  hj  the  forceps  h  d,  with  the  vagas  nerve  v  lying  by  its  side.  Hie  artery 
has  been  llgatmred  at  t  and  the  glass  cannula  e  has  been  introdnoed  into  the  artery 
i^oiween  the  ligature  V  and  the  forceps  h  d,  and  secured  in  position  by  the  ligature  h 
Tlie  ihnmken  arteiy  on  the  distal  side  of  the  cannnla  is  seen  at  ea\ 

06  is  a  box  containing  a  bottle  holding  a  saturated  solution  of  sodium  carbonate, 
ttw  espable  of  being  raised  or  lowered  at  pleasure.  The  solution  of  sodium  carbonate 
^omr%  xgj  the  tube  pi  regulated  by  the  clamp  e"  into  the  tube  U  The  tube  t  is 
ooKiBeeted  with  the  leaden  tube  t,  and  the  stopcock  c  with  the  manometer,  of  which 
m  ia  the  descending  and  nC  Uie  ascending  limb,  and  $  the  support  The  merounr 
p  Ue  ascending  limb  bears  on  its  .surface  tiie  float  fly  a  long  rod  attached  to  which 
tt  fitted  with  the  pen  p  writing  on  the  recording  surface  r.  The  damp  el  at  the  end 
^  tlie  tube  I  hat  an  anrangement  shewn  on  a  larger  scale  at  the  rignt  hand  upper 


^6  descending  tube  m  of  the  manometer,  and  the  tube  t  being  completely  filled 
alovig  its  whole  length  with  fluid  to  the  exclusion  of  all  air,  the  cannula  e  is  filled  with 
flciid,  slipped  into  the  open  end  of  the  thiok-walled  india-rubber  tube  t,  untU  it  meets 
^^  tube  t  (whose  position  within  the  india-rubber  tube  is  shewn  by  the  dotted  lines), 
*>^  is  then  securely  fixed  in  this  position  by  the  damp  eU 

The  stopcocks  e  and  c"  are  now  opened,  and  the  pressure-bottle  raised  until  the 
^/^ntnaj  in  the  manometer  is  raised  to  the  required  height.  The  damp  e"  is  then 
^^^^•ed  and  the  forceps  h  d  remoyed  from  the  artery.  The  pressure  of  the  blood  in  the 
*^>t>tid  ea  is  in  consequence  brooght  to  bear  throuiG^  t  upon  the  mercury  in  the  mano- 


Fio.  19.    Taionro  or  Abtbbial  PBissmiB  with  a  Msboubt  Mahoxstbb. 

Bm  niallar  onrree  pp  are  the  pulse-enrres.    The  space  from  r  to  r  embraces  a 

respiratory  undulation. 

hereafter.  This  observation  teaches  us  that  the  blood,  as  it  is  passing 
akmg  the  carotid  arteiy,  is  capable  of  supporting  a  column  of  mercury 
ci  a  certain  height  (measured  by  the  difference  of  level  between  the 
meicaiy  in  the  descending  limb,  and  that  in  the  ascending  limb,  of 
the  manometer),  when  the  mercury  is  placed  in  direct  communication 
with  the  side  of  the  stream  of  blood.  In  other  words,  the  blood,  as  it 
pMses  through  the  artery,  exerts  a  lateral  pressure  on  the  sides  of 
tlie  artery,  equal  to  so  many  millimeters  of  mercury.  In  this  lateral 
pKOMure  we  have  further  to  distinguish  between  the  slighter  oscilla- 
tioiis  oorresponding  with  the  heart-beats,  and  a  mean  pressure  above 
tfid  below  which  the  oscillations  range.  A  similar  mean  pressure 
with  similar  oscillations  is  found,  when  any  artery  of  the  Dody  is 
examined  in  the  same  way.  In  all  arteries  the  blood  exerts  a  certain 
preaiare  on  the  walls  of  the  vessels  which  contain  it.  This  pressure  is 
generally  spoken  of  as  arterial  pressure,  or  blood-pressure  (the  word 
arterial  being  understood). 
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Description  of  Ezperimoilt.  The  carotid,  or  otber  Tesaely  is  laid 
bare,  clam|)ed  in  two  places  and  divided  between  the  damps.  Into  the  cat 
(?nd8  is  inserted  a  hollow  T  piece  of  the  same  bore  as  the  artery,  the  ctobb 
I>ortion  forming  the  continuation  of  the  artery.  The  vertical  JKntioii  vi 
connected  by  means  of  a  non-elastic  flexible  tube  with  the  descending  limb 
of  the  manometer.  In  order  to  avoid  loss  of  blood,  fluid  is  injected  into 
tlie  flexible  tube  until  the  mercury  in  the  manometer  stands  a  very  little 
lielow  what  may  be  befoi*ehand  guessed  at  as  the  probable  mean  pressue 
The  fluid  chosen  is  a  saturated  solution  of  sodium  carbonate,  with  a  view 
to  hinder  the  coagulation  of  the  blood  in  the  tube.  When  the  clamps  are 
removed  from  tlio  artery  the  blood  rushes  through  the  cross  of  the  K  piece. 
Some  jmsses  into  the  side  limb  of  the  h-  piece  and  continues  to  do  so  until 
the  moan  pressure  is  quite  reached.  Thenceforward  there  is  no  more  escape; 
but  the  prcHHure  continues  in  the  interior  of  the  cross  of  the  H  pieoe^  ii 
transmitted  along  the  connecting  tube  to  the  manometer^  and  the  mercuy 
ccmtinucH  to  stand  at  a  height  indicative  of  the  mean  pressun  with  oscilla- 
tions corresponding  to  the  heart's  beats.  PraoticaUy  the  vse  of  the  h 
piece  is  found  inccmvenient  Accordingly  the  general  custom  is  to  ligaton 
tlie  artery,  to  j^laco  a  clamp  on  the  vessel  on  the  proximal  side  of  tiie 
ligature,  and  to  introduce  a  straight  cannula,  Fig.  18,  connected  with  the 
manometer,  between  the  ligature  and  the  clamp.  In  this  case,  on  loosing 
the  clainp,  the  whole  colunm  of  blood  in  the  arteiy  is  brought  to  bear  on 
the  iniiiiomctcr,  and  the  tracings  taken  illustrate  the  lateral  pressure  not  of 
th(3  iirt4.'ry  but  of  the  vessel  (aorta  ibc.  as  the  case  may  be)  of  which  it 
is  itself  a  branch. 

Tnicings  of  the  movements  of  the  column  of  mercury  in  the  mano- 
meter may  bo  taken  either  on  a  smoked  surface  of  a  revolving  oylinder 
(FigH.  1  and  39),  or  by  means  of  a  brush  and  ink  on  a  continuous  roll  of 
pa|)cr,  as  in  the  more  complex  kymograph  (Fig.  20). 

Tho  average  pressure  of  the  blood  in  the  same  body  is  greatest 
in  the  largest  arteries,  and  diminishes  as  the  arteries  get  less;  bat 
the  fall  is  a  very  gradual  one  until  the  smallest  arteries  are  reached, 
in  which  it  becomes  very  rapid.  In  the  carotid  of  the  horse,  the 
mean  arterial  pressure  varies  from  150  to  200  mm.  of  mercury;  rf 
tho  (log  from  100  to  175 ;  of  the  rabbit  from  50  to  90.  In  the 
carotid  of  man  it  probably  amounts  to  150  or  200. 

Since  in  all  arteries  the  blood  is  pressing  on  the  arterial  walls 
with  some  considerable  force,  all  the  arteries  must  be  in  a  state  d 
permanent  distension,  so  long  as  blood  is  flowing  through  them  from 
tho  heart.  When  the  blood-current  is  cut  oflF,  as  by  a  ligature,  this 
expansion  or  distension  disappears. 

Not  only  is  there  a  permanent  expansion  corresponding  to  the 
mean  pressure,  but  just  as  the  mercury  in  the  manometer  rises  ahove 
the  level  of  mean  pressure  at  each  systole  of  the  heart,  and  foils 
l)elow  it  at  each  diastole,  so  at  any  spot  in  the  artery  there  is  for  each 
heart-beat  a  temporary  expansion  succeeded  by  a  temporary  con- 
traction, the  diameter  of  the  artery  in  its  temporary  expansions  and 
contractions  oscillating,  in  correspondence  with  the  oscillations  of  the 
manometer,  beyond  and  within  the  diameter  of  permanent  expansion. 
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Fia.  30.    Labok  Eihookaph  with 

The  elook-work  maohinery,  eome  of  the  detuli  of  vhioh  tire  seen,  nDToIla  ths 
MfMr  from  the  loU  C,  oarries  it  amoothlj  over  the  ojUnder  B,  and  then  winds  it  up 
aitotharoU  A. 

Two  electTomaenetio  ngDola  are  seen  in  the  position  in  which  they  reooid  theii 
ttorements  on  the  paper  as  it  travels  over  B.  The  manometer,  or  any  other  recoiling 
fautninent  used,  o«a  be  fixed  eithet  in  the  notch  immediatelj  in  front  of  B  or  in  any 
othar  position  that  maf  ba  deiired. 

These  temporary  expanaions  constitute  what  is  called  the  pulse,  and 
will  be  discussed  more  fully  hereafter. 

The  Telocity  of  the  flow.  When  even  a  small  artery  is  severed, 
a  considerable  quantity  of  blood  escapes  from  the  proximal  cut  end 
in  a  very  short  space  of  time.  That  is  to  say,  the  blood  moves  in 
the  arteries  from  the  heart  to  the  capillaries,  with  a  very  considerable 
Telocity.  By  various  methods,  this  velocity  of  the  blood-current  has 
been  measured  at  different  parts  of  the  arterial  system ;  the  results, 
owing  to  imperfections  in  the  methods  employed,  cannot  be  regarded 
as  satisfactorily  exact,  but  may  be  accepted  as  approximatively  true. 
T^e  velocity  of  the  arterial  stream  is  greatest  in  tne  largest  arteries, 
and  diminishes  from  the  heart  to  the  capillaries,  pari  passu  with  the 
increase,  so  to  speak,  of  the  width  of  the  bed,  is.  with  the  increase 
of  the  united  sectional  area. 

Xethodl.  The  Hnmadroinoineter  of  Volkmaim.  An  artery,  ».g.  a 
carotid,  is  clamped  in  two  places,  and  divided  between  the  damps.  Two 
GannnW,  of  a  bore  as  nearly  equal  as  possible  to  that  of  the  artery,  or  of  a 
known  bore,  are  ioserted  in  the  two  ends.     The  two  omnulis  are  oou- 
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nected  by  means  of  two  stop-cocks,  which  woric  together,  with  the  two 
ends  of  a  long  glass  tube,  bent  in  the  shape  of  a  U,  and  filled  with  water, 
or  with  a  coloured  innocuous  fluid.  The  clamps  on  the  arteiy  being  re- 
leased, a  turn  of  the  stop-cocks  permits  the  blood  to  enter  the  proximal 
end  of  the  long  U  tube,  cdong  which  it  courses,  driTing  the  fluid  out  into 
the  artery  through  the  distal  end.  Attached  to  the  tube  is  a  gradaated 
scale,  by  means  of  which  the  velocity  with  which  the  blood  flows  aUmg  th 
tube  may  be  read  ofL  Even  supposing  the  cannulse  to  be  of  the  same  ban 
as  the  artery,  it  is  evident  that  the  conditions  of  the  flow  through  the  tabe 
are  such  as  will  only  admit  of  the  result  thus  gained  being  considered  as  a& 
approximative  estimation  of  the  real  velocity  in  the  artery  itsell 

The  Rheometer  (Stromuhr)  of  Ludwig.  This  conaistB  of  two  g^assbolliB 
A  and  B^  Fig.  21,  communicating  above  with  each  other  and  with  the  com- 
mon tube  C  by  which  they  can  be  filled.  Their  lower  ends  are  fixed  in 
the  metal  disc  i>,  which  can  be  made  to  rotate,  through  two  right 
angles,  round  the  lower  disc  E.  In  the  upper  disc  are  two  holes  a  and  b 
continuous  with  A  and  B  respectively,  and  in  tiie  lower  diac  are  two 
similar  holes  a  and  b\  similarly  continuous  with  the  tubea  ff  and  6. 
Hence,  in  the  position  of  the  discs  shewn  in  the  figure,  the  tube  0  n 
continuous  through  the  two  discs  with  the  bulb  A  and  the  tube  B  with 
the  bulb  B.  On  turning  the  disc  D  through  two  right  angles  the  tabe  6 
becomes  continuous  with  B  instead  of  A,  and  the  tube  H  with  A  instead 
of  B,  There  is  a  further  arrangement,  omitted  from  the  figure  foot  the 
sake  of  simplicity,  by  which  when  the  disc  D  is  turned  through  one 
instead  of  two  right  angles  from  either  of  the  above  positions,  G  be- 
comes directly  continuous  with  H,  both  being  completely  shut  off  from 
the  bulbs. 


Fio.  21.    DuoRAMHATio  Bepbesentatiok  or  Lx7i>wio*8  Stboxubb. 

The  ends  of  the  tubes  H  and  G  are  made  to  fit  exactly  into  two  caonob 
inserted  into  the  two  cut  ends  of  the  artery  about  to  be  experimented  upoDi 
and  having  a  bore  as  nearly  equal  as  possible  to  that  of  the  artery. 

The  method  of  experimenting  is  as  follows.  The  disc  />,  h&ng  pUc^d 
in  the  intermediate  position,  so  that  a  and  b  are  both  cut  off,froia 
a  and  b\  the  bulb  A  is  filled  with  pure  olive  oil  up  to  'the  mark  as,  aud 
the  bulb  B,  the  rest  of  A,  and  the  junction  C,  with  defibrinated  blood;  and 
C  is  then  clamped.  The  tubes  H  and  G  are  also  filled  with  defibrinated 
blood,  and  G  is  inserted  into  the  cannula  of  the  central,  H  into  that  of  the 


Chap,  iv.]  THE  7ASCULAR  MECHANISM.  105 

peripberaly  end  of  the  arteiy.  On  removing  the  clampe  from  the  artery  the 
blood  flows  throngh  0  to  H,  and  so  back  into  the  artery.  The  observation 
DOW  begins  bj  taming  the  disc  D  into  the  position  shewn  in  the  figure; 
the  blood  then  flows  into  A^  driving  the  oil  there  contained  out  before  it  into 
(he  bulb  B,  in  the  direction  of  the  arrow,  the  defibrinated  blood  previously 
present  in  B  passing  by  H  into  the  artery,  and  so  into  the  system.  At  the 
moment  that  the  blood  is  seen  to  rise  to  the  mark  a^  the  disc  D  is  with  all 
possible  rapidity  tamed  through  two  right  angles;  and  thus  the  bulb  B^ 
DOW  lai^gely  filled  with  oil,  placed  in  communication  with  0.  The  blood- 
itream  now  drives  the  oil  back  into  A^  and  the  new  blood  in  A  through  H 
into  the  artery.  As  soon  as  the  oil  has  wholly  returned  to  A^  the  disc  is 
Bgain  turned  round,  and  A  once  more  placed  in  communication  with  G^  and 
the  oil  once  more  driven  from  ^  to  ^.  And  this  is  repeated  several  times, 
indeed  generally  until  the  clotting  of  the  blood  or  the  admixture  of  the  oil 
with  the  blood  puts  an  end  to  ^e  experiment.  Thus  the  flow  of  blood 
m  used  to  fill  alternately  with  blood  or  oil  the  space  of  the  bulb  A,  whose 
cavity  as  fiur  as  the  mark  x  has  been  exactly  measured ;  hence  if  the  number 
of  times  a  second  the  disc  D  has  to  be  turned  round  be  known,  the  number 
of  times  A  has  been  filled  in  any  given  time  is  also  known,  and  thus  the 
quantity  of  blood  which  has  panied  in  that  time  through  the  cannula  con- 
oected  with  the  tube  G  is  dii^ly  measured.  For  instance,  supposing  that 
the  quantity  held  by  the  bulb  A  when  filled  up  to  the  mark  xis  5  cc.,  and 
■opposing  that  from  the  moment  of  aUowing  the  first  5  ca  of  blood  to  begin 
bo  enter  the  tube  to  the  moment  when  the  escape  of  the  last  5  cc.  from  the 
irtery  into  the  tube  was  complete,  100  seconds  had  elapsed,  during  which  time 
l^oc  had  been  received  10  times  into  the  tube  from  the  artery  (aU  but  the 
last  5  cc.  being  returned  into  the  distal  portion  of  the  artery),  obviously 
'5  cc  of  blood  had  flowed  from  the  proximal  section  of  the  artery  in  one 
second.  Hence  supposing  that  the  diameter  of  the  cannula  (and  of  the 
urtery,  they  being  the  same)  were  2  mm.,  with  a  sectional  area  therefore  of 
3*14  square  mm.,  an  outflow  through  the  section  of  *5  cc.  or  500  cmm.  in  a 
lecond  would  give  (^-y^)'  ^  velocity  of  about  159  mm.  in  a  second. 

The  Hsematachometer  of  Vierordt  is  constructed  on  the  principle  of 
measuring  the  velocity  of  the  current  by  observing  the  amount  of  deviation 
undergone  by  a  pendulum,  the  free  end  of  which  hangs  loosely  in  the 
itream.  A  square  or  rectangular  chamber,  one  side  at  least  is  of  glass  in 
order  that  the  interior  may  be  visible,  is  connected  by  means  of  two  short 
tubes  with  the  two  cut  ends  of  an  artery;  the  blood  consequently  flows 
&om  the  proximal  (central)  portion  of  the  artery  through  the  chamber  into 
the  distal  portion  of  the  artery.  Within  the  chamber  and  suspended  from 
its  roof  is  a  short  pendulum,  the  ball  of  which  bears  a  pointed  projection  to 
Are  as  a  marker.  When  the  blood-stream  is  cut  off  from  the  chamber 
bhe  pendulum  hangs  motionless  in  a  vertical  position.  When  the  blood  is 
dlowed  to  flow  through  the  chamber,  the  pendulum  is  driven  by  the 
force  of  the  current  out  of  its  position  of  rest,  the  point  attached  to  the 
3all  of  the  pendulum  describing  an  arc  of  a  circle.  The  more  rapid  the 
low  the  greater  will  be  the  deviation,  and  by  placing  in  the  path  of  the 
narker  a  graduated  scale,  the  amount  of  deviation  (which  is  continually 
varying)  may,  at  any  moment,  be  I'ead  off.  The  graduation  of  the  scale 
laving  been  carried  out  by  experimenting  with  streams  of  known  velocity, 
he  velocity  can  at  once  be  calculated  from  the  amount  of  deviation. 
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An  iDstmment  based  on  the  same  principle  has  been  invented  by 
Chauveau  and  improved  by  Lortet.     In  this  the  part  which  corresponds  to 
the  pendulum  in  Yierordt's  instrument  is  prolonged  outside  the  chamber, 
and  thus  the  portion  within  the  chamber  is  made  to  form  the  short  arm  of 
a  lever,  the  fulcrum  of  which  is  at  the  point  where  the  wall  of  the  chamber 
is  traversed  and  the  long  arm  of  which  projects  outside.     A  somewhat  wide 
tube,  the  wall  of  which  is  at  one  point  composed  of  an  india-rubber  meoa- 
braoe,  is  introduced  into  the  two  cut  ends  of  an  artery.     A  long  light  leveP 
pierces  the  india-rubber  membrane.     The  short  expanded  arm  of  Uiis  lever 
projecting  within  the  tube  is  moved  on  its  fulcrum  in  the  india-rubber  rin^ 
by  the  current  of  blood  passing  through  the  tuboy  the  greater  the  velocit3r 
of  the  current,  the  larger  being  the  excursions  of  the  lever.     The  move- 
ments of  the  short  arm  give  rise  to  corresponding  movements  in  tho 
opposite  direction  of  the  long  arm  outside  the  tube,  and  these,  by  means  of  fit 
marker  attached  to  the  end  of  the  long  arm,  may  be  directly  inscribed  on  f» 
recording  surface.     This  instrument  is  very  well  adapted  for  observing 
changes  in  the  velocity  of  the  flow.     In  determining  aetnal  velocities,  kar 
which  purpose  it  has  to  be  experimentally  graduated,  it  is  not  so  useful 

In  the  horse,  Volkmann  found  the  velocity  of  the  stream  to  bo 
in  the  carotid  artery  about  300  mm.,  in  the  maxillary  artery  165  mm.^ 
and  in  the  metatarsal  artery  56  mm.  in  the  second.    Chauveaia. 
determined  the  velocity  in  the  carotid  of  the  horse  to  vary  from  520 
to  150  mm.  per  sec.  at  each  beat  of  the  heart,  flowing  at  the  formef 
rate  during  the  height  of  each  pulse-expansion,  and  at  the  latter  i 
the  interval  between  each  two  beats.     Ludwig  and  Dogiel  found  the 
velocity  in  the  dog  and  in  the  rabbit  to  vary  within  very  wide  limits 
not  only  in  different  arteries,  but  in  the  same  artery  under  differea't> 
circumstances.     Thus  while  in  the  carotid  of  the  rabbit  it  may 
said  to  vary  from  100  to  200  mm.  per  sec.  and  in  the  carotid  of  th 
dog  from  200  to  500  mm.  per  sec,  both  these  limits  were  frequentl. 
passed. 

3.    The  Flow  in  the  Veins. 

When  a  vein  is  severed,  the  flow  from  the  distal  cut  end  (ie.  tlm.j 
end  nearest  the  capillaries)  is  continuous,  the  blood  is  ejected  wil 
comparatively  little  force,  and  with  slight  velocity. 

When  a  vein  is  connected  with  a  manometer,  the  lateral  pressuK"'^ 
is  found  to  be  very  small ;  it  is  greater  in  the  veins  farther  frcK**- 
the  heart  than  in  those  nearer  the  heart.  In  the  immediate  neigt*^ 
bourhood  of  the  heart  the  pressure  may  (during  the  inspirato^ry 
movement)  become  negative,  i.e.  when  the  manometer  is  brougl^^ 
into  connection  with  the  interior  of  the  vein,  the  mercury  in 
distal  limb  falls,  instead  of,  as  in  the  case  of  the  arteiy,  rising. 


In  the  brachial  vein  of  the  sheep  Jacobson  found  the  mean  pressure  '^ 
be  4  mm.  of  mercury,  in  a  branch  of  the  same  9  mm.     In  the  crunJ   ** 
was  11*4  mm.     In  the  subclavian  the  mean  pressure  was  negative,  yi^ 
—  *1  mm.,  becoming  —  1  mm.  during  inspiration,  —  3  mm.  or  ->  5  mm.  daring 
a  strong  inspiration,  and  chauging  to  positive  during  expiration. 
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The  level  of  mercury  in  the  manometer,  except  in  the  case  of 
certain  veins,  subject  to  influences  which  will  be  discussed  hereafter, 
remains  constant.  The  pulse-oscillations,  so  striking  in  the  arteries, 
are  absent  in  the  veins.  In  the  small  veins  the  velocity  of  the  cur- 
rent, measured  in  the  same  way  as  the  arteries,  is  very  slight.  It 
inereases  in  the  larger  veins,  corresponding  to  the  diminution  of  the 
area  of '  the  bed ;'  it  is  about  200  mm.  per  sec.  in  the  jugular  vein  of 
tlie  dog. 

Thus  the  flow  in  the  veins  presents  strong  contrasts  with  that 
in  the  arteries.  In  the  arteries,  even  in  the  smallest  branches, 
tbete  is  a  considerable  mean  pressure.  In  the  veins,  even  in  the 
small  veins  where  it  is  largest  the  mean  pressure  is  very  slight. 
la  other  words,  there  is  always  a  difference  of  pressure  tending  to 
m&ke  the  blood  flow  continuously  from  the  arteries  into  the  veins. 
A  palse  is  present  in  the  arteries,  but,  with  the  exceptions  alluded  \ 
to,  absent  in  the  veins.  The  velocity  of  the  stream  of  blood  in  the 
wrteries  is  very  considerable;  in  the  veins,  especially  the  smaller  veins, 
niuch  less ;  in  both  it  corresponds  with  the  area  of  the  bed,  diminish- 
ui^  in  the  former  from  the  neart  to  the  capillaries,  and  increasing  in 
the  latter  from  the  capillaries  to  the  heart. 

Hydraulic  Principles  of  the  OirculoHon. 

kll  the  above  phenomena  are  the  simple  results  of  an  intermittent 
force  (like  that  of  the  systole  of  the  ventricle)  working  in  a  closed 
^4^X2ait  of  branching  elastic  tubes,  so  arranged  that  while  the  indi- 
vidual tubes  first  diminish  (from  the  heart  to  the  capillaries)  and  then 
J^orease  (from  the  capillaries  to  the  heart),  the  area  of  the  bed  first 
ittoreases  and  then  diminishes,  the  tubes  together  thus  forming  two 
^Oes  placed  base  to  base  at  the  capillaries,  with  their  apices  con- 
T^^^Tjing  to  the  heart.     To  this  it  must  be  added  that  the  friction 
^    ^he  small  arteries  or  capillaries,  at  the  junction  of  the  bases  of  the 
^^^es,  offers  a  very  great  resistance  to  the  flow  of  the  blood  through 
^^m.    It  is  this  peripheral  resistance  (in  the  minute  arteries  and 
^X>illari«B),  reacting  through  the  elastic  walls  of  the  arteries  upon 
J^^^  intermittent  force  of  the  heart,  which  gives  the  circulation  of 
"^^  blood  its  peculiar  features. 

-  When  fluid  is  driven  by  an  intermittent  force,  as  by  a  pump, 

1^  ^>)ugh  a  perfectly  rigid  tube  (or  system  of  tubes),  at  each  stroke  of 
^^  pump  there  escapes  from  the  distal  end  of  the  system  just  as 


ch  fluid  as  enters  it  at  the  proximal  end.    The  escape  moreover 

^  l^ee  place  at  the  same  time  as  the  entrance,  since  the  time  taken 

^t^    by  the  transmission  of  the  shock  is  so  small,  that  it  may  be 

l^^^lected.    This  result  remains  the  same  when  any  resistance  to  the 

^^v  is  introduced  into  tho  systenL      The  force  of  the  pump  re- 

^^ining  the  same,  the  introduction  of  the  resistance  undoubtedly 

^^^oens  the  Quantity  issuing  at  the  distal  end  at  each  stroke,  but  it 

^^"^^es  80  simply  by  lessening  the  quantity  entering  at  the  proximal 
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end ;  the  income  and  outgo  remain  equal  to  each  other,  and  occur  at 
almost  the  same  time.  And  what  is  true  of  the  two  ends,  is  also  trae 
of  any  part  of  the  course  of  the  system,  so  far,  at  all  events,  as  the 
following  proposition  is  concerned,  that  in  a  system  of  rigid  tuhes, 
either  with  or  without  an  intercalated  resistance,  the  flow  caused 
by  an  intermittent  force  is,  in  every  part  of  the  tubes,  intennittent 
synchronously  with  that  force. 

In  a  system  of  elastic  tubes  in  which  there  is  little  resistance  to 
the  progress  of  the  fluid,  the  flow  caused  by  an  intermittent  force  is 
also  intermittent.    The  outgo  being  as  easy  or  nearly  as  easy  as  the 
income,  the  elasticity  of  the  walls  of  the  tubes  is  not  called  into 
play.     These  behave  practically  like  rigid  tubes.    When,  however* 
sufficient  resistance  is  introduced  into  any  part  of  the  course,  the 
fluid,  being  unable  to  pass  by  the  resistance  as  rapidly  as  it  enters 
the  system  from  the  pump,  tends  to  accumulate  on  the  proximal 
side  of  the  resistance.    This  it  is  able  to  do  by  expanding  the  elastio 
walls  of  the  tubes.    At  each  stroke  of  the  pump  a  certain  quantity 
of  fluid  enters  the  system  at  the  proximal  end.   Of  this  only  a  fractidft 
can  pass  through  the  resistance  during  the  stroke.    At  the  moment 
when  the  stroke  ceases,  the  rest  still  remains  on  the  proximal  side  o€ 
the  resistance,  the  elastic  tubes  having   expanded  to  receive  it^ 
During  the  interval  between  this  and  the  next  stroke,  the  distended 
elastic   tubes,  striving  to  return  to  their  natural  undistended  con— 
dition,  press  on  this  extra  quantity  of  fluid  which  they  contain  aud 
tend  to  drive  it  past  the  resistance.    Thus  in  the  rigid  system  (and. 
in  the  elastic  system  without  resistance)  there  issues,  from  the  distal 
end  of  the  system,  at  each  stroke  just  as  much  fluid  as  enters  it  afe 
the  proximal  end,  while  between  the  strokes  there  is  perfect  quiets 
In  the  elastic  system  with  resistance,  on  the  contrary,  the  quantitjT 
which  passes  the  resistance  is  only  a  fraction  of  that  which  enters 
the  system  from  the  pump,  the  remainder  or  a  portion  of  the  re-* 
mainder  continuing  to  pass  during  the  interval  between  the  strokes* 
In  the  former  case,  the  system  is  no  fuller  at  the  end  of  the  stroke 
than  at  the  beginning ;  in  the  latter  case  there  is  an  accumulation  o'C 
fluid  between  the  pump  and  the  resistance,  and  a  corrQspondinjj^ 
distension  of  that  part  of  the  system,  at  the  close  of  each  stroke — akb. 
accumulation  and   distension,   however,  which  go  on  diminishia, 
until  the  next  stroke  comes.    The  amount  of  fluid  thus  remainin 
after  the  stroke  will  depend  on  the  amount  of  resistance  in  relatiiox:^ 
to  the  force  of  the  stroke,  and  on  the  distensibility  of  the  tubes  » 
and  the  amount  which  passes  the  resistance  before  the  next  strok:^ 
will  depend  on  the  degree  of  elastic  reaction  of  which  the  tubes  ar« 
capable.    Thus,  if  the  resistance  be  very  considerable  in  relation  tx> 
the  force  of  the  stroke,  and  the  tubes  very  distensible,  only  a  smali 
portion  of  the  fluid  will  pass  the  resistance,  the  greater  part  re- 
maining lodged  between  the  pump  and  the  resistance.    If  the  elastic 
reaction  be  great,  a  large  portion  of  this  will  be  passed  on  throug)' 
the  resistance  before  the  next  stroke  comes.    In  other  words,  tad 
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greater  the  resistance  (in  relation  to  the  force  of  the  stroke),  and  the 
greater  the  elastic  force  brought  into  play,  the  less  inWmittent,  the 
more  neariy  continuouSy  will  be  the  flow  on  the  iBx  side  of  the 
nsistance. 

If  the  first  stroke  be  succeeded  by  a  second  stroke  before  its 

quantity  of  fluid  has  all  passed  by  the  resistance,  there  will  be  an 

additional  accumulation  of  fluid  on  the  near  side  of  the  resistance, 

la  additional  distension  of  the  tubes,  an  additional  strain  on  their 

elastic  powers,  and,  in  consequence,  the  flow  between  this  second 

stroke  and  the  third  will  be  even  more  marked  than  that  between 

the  first  and  the  second,  though  all  three  strokes  were  of  the  same 

force,  the  addition  being  due  to  the  extra  amount  of  elastic  force  called 

mto  play.    In  fact,  it  is  evident  that,  if  there  be  a  sufficient  store  of 

^hstic  power  to  fedl  back  upon,  by  continually  repeating  the  strokes,  a 

itate  of  things  will  be  at  last  arrived  at,  in  which  the  elastic  force, 

called  into  play  by  the  continually  increasing  distension  of  the  tubes 

OB  the  near  side  of  the  resistance,  will  be  sufficient  to  drive  through 

the  resistance,  in  the  interval  between  each  two  strokes,  just  as 

much  fluid  as  enters  the  near  end  of  the  system  at  each  stroke.    In 

^'ther  words,  the  elastic  reaction  of  the  walls  of  the  tubes  will  have 

converted  the  intermittent  into  a  continuous  flow.    The  flow  on  the 

^  side  of  the  resistance  is  in  this  case  not  the  direct  result  of  the 

'^kes  of  the  pump.    All  the  force  of  the  pump  is  spent,  first  in 

getting  up,  and  afterwards  in  keeping  up,  the  over-distension  of  the 

t^bes  on  the  near  side  of  the  resistance;  it  is  the  over-distended 

t^bea  which  are  the  cause  of  the  continuous  flow,  by  emptying  them- 

'^l^^  into  the  Ceut  side  of  the  resistance,  at  such  a  rate,  that  they 

P^^charee  through  the  resistance  during  a  stroke  and  in  the  succeeding 

p^terval  just  as  much  as  they  receive  firom  the  pump  by  the  stroke 

»taelt 

This  is  exactly  what  takes  place  in  the  vascular  system.  The 
"Motion  in  the  minute  arteries  and  capillaries  presents  a  considerable 
E'^^istance  to  the  flow  of  blood  through  them  into  the  small  veins. 
^  consequence  of  this  resistance,  the  force  of  the  heart's  beat  is 
'P^nt  in  maintaining  the  whole  of  the  arterial  system  in  a  state  of 
^^^T-distension,  as  indicated  by  the  so-called  arterial  pressure.  The 
^^^T-distended  arterial  system  is,  by  the  agency  of  its  elastic  walls, 
^^^tinually  emptying  itself  by  overflowing  through  the  capillaries 
^^3  the  venous  system,  overflowing  at  such  a  rate,  that  just  as  much 
^1^>^  passes  firom  the  arteries  to  the  veins  during  each  systole  and 
^^  succeeding  diastole  as  enters  the  aorta  at  each  systole. 

It  cannot  be  too  much  insisted  upon  that  the  whole  arterial 
T^rtem  is  overfulL  This  is  what  is  meant  by  the  high  arterial 
P^'^^ware.  On  the  other  hand,  the  veins  are  much  less  full.  This 
^  ^hewn  by  the  low  venous  pressure.  The  overfull  arteries  are 
^^tinually  striving  to  pass  their  surplus  in  a  continuous  stream 
^Hrough  we  capilla^es  into  the  veins,  so  as  to  bring  both  venous  and 
^^t«rial  pressure  to  the  same  level    As  continually  the  heart  by 


110  OVERFULL  ARTERIES.  [Booil 

its  beat  is  keeping  the  arteries  overfull,  and  thus  nuLinf^iining  the 
difference  between  the  arterial  and  venous  pressure,  and  thus  pre- 
serving the  steady  capillary  stream.  When  the  heart  ceases  to  beat, 
the  arteries  do  succeed  in  emptying  their  surplus  into  the  veins,  and 
when  the  pressure  on  both  sides  of  the  capillaries  is  thus  equalized, 
the  flow  tnrough  the  capillaries  ceases. 

In  the  facts  just  discussed,  it  makes  no  essential  difference 
whether  the  outflow  on  the  £Eur  side  of  the  resistance  be  an  open  one, 
or  whether,  as  is  the  case  in  the  vascular  system,  the  fluid  be 
returned  to  the  pump,  provided  only  that  the  resistance  offered 
to  that  return  be  sufficiently  small.  We  shaU  see,  in  speaking  of 
the  heart,  that,  so  far  from  there  being  any  resistance  to  the  flow  of 
blood  from  the  great  veins  into  the  auricle,  the  flow  is  favoured  bj 
a  variety. of  circumstances.  We  have  seen  moreover  that,  besides 
the  very  sudden  decrease  in  the  immediate  neighbourhood  of  tbe 
capillaries,  there  is  in  passing  along  the  whole  vascular  system  from 
the  aorta  to  the  vensB  cavse  a  gradual  fall  of  pressure.  A  little  con- 
sideration shews  that  this  must  be  the  case.  After  what  has  been 
said  it  is  obvious  that  the  movement  of  the  blood  may  be  compared 
to  that  of  a  body  of  fluid,  driven  by  pressure  from  the  ventricle 
through  the  vessels  to  its  outflow  in  the  auricle.  Were  the  pressure 
a  continuous  one,  and  were  there  no  capillary  resistance,  there  would 
be  a  gradual  fall  of  pressure,  from  the  part  farthest  from  the  out&ll, 
viz.  the  aorta,  to  the  part  nearest  the  outfall,  viz.  the  vensB  cava 
The  introduction  of  the  capillary  resistance  and  its  attendant  phe- 
nomena gives  rise  to  the  feature  of  a  very  sudden  and  marked  fiul  in 
the  capillary  region,  but  leaves  untouched  the  gradual  character  of 
the  fall  in  the  rest  of  the  course,  from  the  aorta  to  the  minute 
arteries,  and  from  the  minute  veins  to  the  vensB  cavse. 

To  recapitulate  :  there  are  three  chief  factors  in  the  mechanics  of 
the  circulation,  (1)  the  force  and  frequency  of  the  heart-beaty  (2)  the 
peripheral  resistance,  (3)  the  elasticity  of  the  arterial  walls.    ^Hiese 
three  factord,  in  order  to  produce  a  normal  circulation,  must  be  in  a 
certain  relation  to  each  other.      A  disturbance  of  these  relations 
brings  about  abnormal  conditions.    Thus,  if  the  capillary  resistance  be 
reduced  beyond  certain  limits,  while  the  force  and  frequency  of  tbe 
heart  remain  the  same,  so  much  blood  passes  through  the  capiUaries 
at  each  stroke  of  the  heart  that  there  is  not  sufficient  left  b^dnd  to 
distend  the  arteries,  and  bring  their  elasticity  into  play.     In  this 
case  the  intermittence  of  the  arterial  flow  is  continued  on  into  tbe 
veins.    An  instance  of  this  is  seen  in  the  experiments  on  the  sub- 
maxillary gland,  where  sometimes  the  capillary  resistance  in  the  {^and 
is  so  much  lowered,  that  the  blood  in  the  veins  pulsates\     A  lilo 
result  occurs  when,  the  capillary  resistance  remaining  the  same,  tbe 
force  or  frequency  of  the  heart's  beat  is  lowered.    Thus  the  beats  m&f 
be  so  feeble  that  at  each  stroke  no  more  blood,  or  but  little  moro^ 

1  See  Dook  i.  cap.  i.  sec.  2,  on  the  Secretion  of  the  Digestiye  Juioea. 
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enters  the  arterial  sytem  than  can  pass  through  the  capillaries 
before  the  next  stroke ;  or  so  infrequent  that  the  whole  quantity  sent 
on  by  a  stroke  has  time  to  escape  before  the  next  stroke  comes.  If, 
while  the  heart's  beat  and  resistance  remain  the  same,  the  elasticity 
of  the  arterial  walls  be  reduced,  the  arteries  will  be  unable  to  expand 
sufficiently  to  retain  the  surplus  of  each  stroke  or  to  exert  sufficient 
elastic  reaction  to  carry  forward  the  stream  between  the  strokes; 
and  in  consequence  more  or  less  intermittence  will  become  manifest 

Marey^  states  that  when  fluid  is  driven  through  two  tubes  of  equal 
Cftlibre,  one  elastic  and  the  other  rigid,  with  equal  force  and  like  inter- 
mittence, the  outflow  through  the  elastic  tube  is  greater  than  through  the 
rigid  tube.  This  he  attributes  to  the  fact  that  in  the  rigid  tube  all  the 
friction  fiJls  in  the  period  of  the  stroke,  when  the  velocity  of  the  stream  is 
greatest,  and  is  therefore  greater  than  in  the  elastic  tube  where  it  is  dis- 
tributed as  well  over  the  interval  between  the  strokes.  Under  this  view, 
the  arrangements  of  the  vascular  system  are  useful,  not  only  in  causing  the 
flow  through  the  capillaries  to  be  continuous,  and  therefore  best  adapted 
for  carrying  on  the  interchange  between  the  tissues  and  the  blood,  but  also 
in  providixig  that  the  flow  should  be  as  laige  as  possible. 

The  velocity  of  the  stream.  Observation  shews  that  the  velocity 
of  the  blood-stream  diminishes  from  the  aorta  to  the  capillaries,  and 
increases  from  the  capillaries  to  the  great  veins.  Thus  in  the  dog 
the  velocity  in  the  great  arteries  may  be  stated  at  from  300  to 
500  muL,  in  the  capillaries  at  less  than  1  mm.  ('5  to  '75  mm.),  and  in 
the  large  veins  at  about  200  mm.  in  a  sec.  In  fact,  the  greater  part 
of  the  time  of  the  circuit  is  taken  up  in  the  capillary  region.  An 
iron  salt,  injected  into  the  jugular  vein  of  one  side  of  the  neck  of  a 
horse,  makes  its  appearance  in  the  blood  of  the  jugular  vein  of  the 
other  side  in  about  30  seconds. 

Hering's  mean  result  in  the  horse  was  27*6  sees.  In  the  dog  Yierordt 
found  it  to  be  15*2  sees. ;  in  the  rabbit  7  sees. 

Without  laying  too  much  stress  on  this  experiment,  it  may  be 
taken  as  a  fair  indication  of  the  time  in  which  tne  whole  circuit  may 
be  completed.  It  takes  about  the  same  time  (see  p.  98)  to  pass 
through  about  20  mm.  of  capillaries.  H^nce,  if  any  corpuscle  had  in 
its  circuit  to  pass  through  10  mm.  of  capillaries,  half  the  whole  time 
of  its  journey  would  be  spent  in  the  narrow  channels  of  the  capilla- 
ries. Since,  however,  the  average  length  of  a  capillary  is  about 
*5  mm.,  about  one  second  is  spent  in  the  capillaries.  Inasmuch  as 
the  purposes  served  by  the  blood  are  chiefly  carried  out  in  the  capil- 
hiries,  it  is  obviously  of  advantage  that  its  stay  in  them  should  be 
prolonged. 

The  permanent  variations  in  the  velocity  of  the  stream  are  directly 
dependent  on  the  area  of  the  '  bed.'  When  a  fluid  is  driven  by  a 
uniform  pressure  through  a  narrow  tube  with  an  enlargement  in  the 

1  Arm,  Sci.  Nat.  (it.)  vni.  p.  829. 
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middle,  the  velocity  of  the  stream  will  be  found  to  diminish  in  the 
enlai^ement,  but  to  increase  amin  when  the  tube  once  more  narrows. 
So  a  river  slackens  speed  in  a  broad,  but  rushes  on  rapidly  again  whea 
the  banks  close  in.    Exactly  in  the  same  way  the  velocity  of  the 
blood-stream  slackens  from  the  aorta  to  the  capillaries  corresponding 
with  the  increased  total  bed,  but  hurries  on  again  as  the  numerous 
veins  are  gathered  into  the  smaller  bed  of  the  vene  cavBB.    The  loss 
of  velocity  in  the  capillaries,  as  compared  with  the  surteries,  is  not 
due  to  there  being  so  much  more  friction  in  the  narrow  channels  of 
the  former  than  in  the  wide  canals  of  the  latter.    For  the  peripheiBl 
resistance  caused  by  the  friction  in  the  capillaries  and  small  arteries 
is  an  obstacle  not  only  to  the  flow  of  blood  through  these  small 
vessels  where  the  resistance  is  actually  generated,  but  also  to  the 
escape  of  the  blood  from  the  large  into  the  small  aiteries,  and  indeed 
from  the  heart  into  the  large  arteriea    It  exerts  its  influence  along 
the  whole  arterial  tract.    And  it  is  obvious  that  if  it  were  this  poi- 
pheral  resistance  which  checked  the  flow  in  the  capillaries,  tnere 
could  be  no  recovery  of  velocity  alon^  the  venous  tract    The  rapidity 
of  the  flow  in  arteries,  capillaries,  and  veins,  is  in  each  case  determined 
by  the  total  sectional  area  of  the  channels.    There  is,  however,  a  loss 
of  velocity  on  the  whole  course.    At  each  stroke  as  much  blood  enters 
the  right  auricle  as  issues  from  the  left  ventricle ;  but  the  sectionti 
area  of  the  venae  cavsB  is  greater  than  that  of  the  aorta^  so  that  even 
if  the  auricle  were  filled  in  exactly  the  same  time  as  the  ventricle  is 
emptied,  the  blood  must  pass  more  rapidly  through  the  narrow  aorta 
than  through  the  broad  vensB  cavsB,  in  order  that  the  same  quantity 
of  blood  should  pass  each  at  the  same  time.    The  diastole  of  the 
auricle,  however,  is  distinctly  longer  than  the  systole  of  the  ventride; 
the  time  during  which  the  auricle  is  being  filled  is  greater  than  that 
during  which  tne  ventricle  is  being  emptied,  and  hence  the  velocity 
of  the  venous  flow  into  the  auricle  must  be  still  less  than  that  of  the 
arterial  blood  in  the  commencing  aorta. 

The  temporary  variations  of  the  velocity  of  the  stream  in  any 
given  channel,  and  these  we  have  already  (p.  106)  seen  to  be  very 
considerable  in  the  case  of  the  arteries  at  least,  are  dependent  on 
a  variety  of  circumstances.  In  a  tube  of  constant  calibre,  the  velocity 
with  which  fluid  flows  from  one  point  to  another,  for  instance  from 
the  point  a  to  the  point  &,  will  be  m  main  dependent  on  the  differ- 
ence between  the  pressures  existing  at  a  and  6.  The  lower  the 
pressure  at  6  as  compared  with  a  the  greater  the  rapidity  with  which 
the  fluid  flows  from  a  to  b.  And  temporary  variations  of  pressures 
form  undoubtedly  the  main  cause  of  the  temporary  variations  observ^ 
able  in  the  velocity  of  the  arterial  flow.  Thus  with  each  systole  rf 
the  ventricle  there  is  an  increase  of  velocity  in  the  whole  arterial 
flow  followed  by  a  diminution  during  the  diastole.  So  also  if  the 
peripheral  resistance  in  a  capillary  district  belonging  to  an  artery  h^ 
suddenly  lowered  (by  the  action  of  vaso-motor  nerves,  in  a  manner 
which  we  shall  presently  discuss),  without  the  calibre  of  the  arttfl 
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'Udf  being  changed^  the  pressure  on  the  distal  (peripheral)  side  of 
;he  artery  may  be  much  diminished,  while  the  pressure  on  the 
proximal  (cardiac)  side  remains  at  first  unaltered;  and  this  would 
lecessarily  cause  an  increase  in  the  rapidity  of  the  stream  through 
;hat  artery.  But»  as  we  shaU  see  later  on,  from  the  complications  of 
;he  vascular  machinery  such  problems  as  these  become  very  intri- 
cate ;  and  the  results  of  observations  on  variations  in  arterial  velocity 
ire  not  altogether  intelligibla  It  has  been  suggested  that  varying 
x>ndition8  of  the  blood  may  be  an  important  factor  in  determining 
^he  variations  in  the  velocity  of  the  stream  ^ 


Sec.  2.     The  Heabt. 

The  heart  is  a  pump,  the  motive  power  of  which  is  supplied  by 
iie  contraction  of  its  muscular  fibres.  Its  action  consequently 
Mesents  problems  which  are  partly  mechanical,  and  partly  vital. 
Si^iarded  as  a  pump,  its  effects  are  determined  by  the  frequency  of 
lie  beats,  by  the  force  of  each  beat,  by  the  character  of  each  beat — 
whether,  for  instance,  slow  and  lingering,  or  sudden  and  sharp-^d 
yf  the  quantity  of  fluid  ejected  at  each  beat.  Hence,  with  a  given 
lequencvy  force,  and  character  of  beat,  and  a  given  quantity  ejected 
)X  each  beat,  the  problems  which  have  to  be  dealt  with  are  for  the 
noet  part  mechanical  The  vital  problems  are  chiefly  connected  with 
he  causes  which  determine  the  frequency,  force,  and  character  of  the 
)eat*  The  quantity  ejected  at  each  beat  is  governed  more  by  the 
itate  of  the  rest  of  the  body,  than  by  that  of  the  heart  itself. 

The  Phenomena  of  the  normal  Beat. 

The  visible  movements.  When  the  chest  of  a  mammal  is  opened 
md  artificial  respiration  kept  up,  a  complete  beat  of  the  whole  heart, 
>r  cardiac  cycle,  may  be  observed  to  take  place  as  follows. 

The  grekt  veins,  inferior  and  Buperior  yen<e  cavae  and  pulmonaiy 
veins,  are  seen,  while  full  of  blood,  to  contract  in  the  neighbourhood 
of  the  heart :  the  contraction  runs  in  a  peristaltic  wave  towards  the 
auricles,  increasing  in  intensity  as  it  goes.  Arrived  at  the  auricles, 
which  are  then  full  of  blood,  the  wave  suddenly  spreads,  at  a  rate 
too  rapid  to  be  fairly  judged  by  the  eye,  over  the  whole  of  those 
oigans,  which  accordingly  contract  with  a  sudden  sharp  systole.  In 
^e  ^stole,  the  walls  of  the  auricles  press  towards  the  auriculo- 
^entncular  orifices,  and  the  auricular  appendages  are  drawn  inwards, 
'^coming  smaller  and  paler.  During  the  auncular  systole,  the  ven- 
^cles  may  be  seen  to  become  more  and  more  turgid.  Then  follows, 
^  it  were  immediately,  the  ventricular  systole,  during  which  the 
^utricles  become  shorter  and  thicker.  Held  between  the  fingers 
^^y  are  felt  to  become  tense  and  hard.    As  the  systole  progresses, 

1  Ludwig  and  Dogiel.    Ladwig's  Arbeiten,  1867. 
F.  P.  8 
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the  aorta  and  pulmonary  arteries  are  seen  to  expand  and  elongate, 
and  the  heart  to  twist  slightly  on  its  long  axis,  so  that,  while  the 
base  is  fixed  by  the  great  arteries,  the  apex  moves  from  the  left  and 
behind  towards  the  front  and  right;  hence  more  of  the  left  ventricle 
becomes  displayed.  As  the  systole  gives  way  to  the  succeeding 
pause  or  diastole,  the  ventricles  flatten  and  elongate,  the  aorta 
and  pulmonary  artery  contract  and  shorten,  the  heart  turns  back 
towards  the  left,  and  thus  the  cycle  is  completed. 

More  exact  observation  shews,  as  regards  the  change  of  form  of 
the  ventricular  portion,  t)iat  this,  during  diastole,  has  somewhat  the 
shape  of  a  flattened  cone,  with  an  ellipse,  having  its  long  diameter 
from  right  to  left,  as  a  base,  but  during  the  systole  becomes  a  shorter, 
more  regular,  cone,  with  a  circle  for  its.  base,  having  lessened  chiefly 
in  its  longitudinal  and  right-to-left  diameters,  and  slightly  only  in 
its  antero-posterior  diameter.  According  to  Eiirschner^  the  cir- 
cumference of  the  base  of  the  ventricle  is  absolutely  increased 
during  the  systole;  a  tape  placed  round  the  base  becomes  tense 
at  the  commencement  of  the  systole,  while  the  cavity  is  still  fiill  of 
blood. 

When  the  chest  is  opened,  the  heart  is  deprived  of  its  natural 
supports,  and  consequently,  under  such  circumstances,  its  change  of 
position  during  the  systole  cannot  be  properly  studied.  For  it  must 
be  remembered  that  the  heart,  closely  covered  by  the  pericaidiam, 
lies  immediately  under  the  sternum  and  ribs,  there  bemg  between 
them  nothing  more  than  a  small  amount  of  mediastinal  connective 
tissue,  and  rests  on  the  slope  of  the  diaphragm  below,  with  the  lungs 
on  either  side.  If,  in  the  unopened  chest  of  a  rabbit  or  dog,  three 
needles  be  inserted  through  the  chest-wall  so  that  their  pomts  are 
plunged  into  the  substance  of  the  ventricle,  one  (B)  at  the  base,  dose 
to  the  auricles,  another  (A)  through  the  apex,  and  a  third  (M)  at 
about  the  middle  of  the  ventricle,  all  three  needles  will  be  observed 
to  move  at  each  beat  of  the .  heart.  The  head  of  B  will  move 
suddenly  upwards,  shewing  that  the  point  of  the  needle  plunged 
in  the  ventricle  moves  downwards,  whereas  A  will  only  quiver, 
and  move  neither  distinctly  upwards  nor  downwards.  M  will 
move  upwards  (and  therefore  its  point  downwards),  but  not  to  the 
same  extent  as  B.  The  nearer  to  B,  M  is,  the  more  it  moves: 
the  nearer  to  A,  the  less.  Thus,  while  during  the  beat,  the  base  (B) 
moves  downwards  as  the  result  of  the  contraction  (and  longitudinal 
shortening)  of  the  ventricle,  the  apex  (A)  does  not  change  its  place, 
the  shortening  of  the  ventricle  itself  being  compensated  by  the 
lengthening  of  the  great  arteries.  The  middle  of  the  ventricle  moves 
downwards  more  tnan  the  apex,  but  less  than  the  extreme  base. 
After  the  death  of  the  animal,  the  needles,  if  properly  inserted  at 
first,  perpendicular  to  the  chest,  will  be  found  with  all  their  heads 
directed  downwards,  indicating  that  the  whole  ventricle  has  been 

»  Wagncr'8  HandwOrterbuch,  Art.  HerztMtiffkeit. 
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drawn  up  .by  the  contraction  of  the  empty  aorta  and  pulmonary 
artery. 

Cardiac  Impulfle.     If  the  hand  be  placed  on  the  chest,  a  shock 
or  impulse  will  be  felt  at  each  beat,  and  od  examination  this  impulse, 
'cardiac  impulse,'  will  be  found  to  be  synchronous  with  the  sys- 
tole of  the  ventricle.    In  man,  the  cardiac  impulse  may  be  most 
distinctly  felt  in  the  fifth  costal  interspace,  about  an  inch  below  and 
a  little  to  the  median  side  of  the  left  nipple.    The  same  impulse 
may  be  felt  in  an  animal  by  making  an  incision  through  the  dia- 
phragm from  the  abdomen,  and  placing  the  finger  between  the  chest- 
wall  and  the  apex.    It  then  can  be  distinctly  recognized  as  the  result 
of  the  hardening  of  the  ventricle  during  the  systole.    And  the  im- 
pulse which  is  felt  on  the  outside  of  the  chest  is  the  same  hardening 
of  the  stationary  portion  of  the  ventricle  in  contact  with  the  chest- 
wall,  transmitted  through  the  chest-wall  to  the  finger.    In  its  flaccid 
state,  during  diastole,  the  apex  is  (in  a  standing  position  at  least) 
here  in  contact  with  the  chest-wall,  lying  between  it  and  the  tolerably 
resistant  diaphragm.    During  the  systole,  while  occupying,  as  we 
have  seen,  the  same  position,  it  suddenly  grows  tense  and  hard. 
The  ventricles,  in  executing  their  systole,  have  to  contract  against 
resistance.    They  have  to  produce  within  their  cavities,  tensions 
greater  than  those  in  the  aorta  and  pulmonary  arteries,  respectively. 
This  is,  in  fact,  the  object  of  the  systole.    Hence,  during  the  swift 
systole,  the  ventricular  portion  of  the  heart  becomes  suddenly  tense, 
just  as  a  bladder  full  of  fluid  would  become  tense  and  hard  when 
forcibly  squeezed.    This  sudden  hardness  gives  an  impulse  or  shock 
both  to  the  chest-wall  and  to  the  diaphragm,  which  may  be  felt 
readily  both  on  the  chest-wall,  and  also  through  the  diaphragm  when 
the  abdomen  is  opened,  and  the  finger  inserted.     K  the  modification 
of  the  sphygmograph  (see  section  on  Pulse),  called  the  cardiograph, 
be  placed  on  the  spot  where  the  impulse  is  felt  most  strongly,  the 
lever  is  seen  to  be  raised  during  the  systole  of  the  ventricles,  and  to 
fall  again  as  the  systole  passes  away,  very  much  as  if  it  were  placed 
on  the  heart  directly.    A  tracing  may  thus  be  obtained  (Fig.  22), 
of  which  we  shall  have  to  speak  more  fully  immediately.     If  the 
button  of  the  lever  be  placed,  not  on  the  exact  spot  of  the  impulse, 
but  at  a  little  distance  from  it,  the  lever  will  be  depressed  during  the 
systole.     While  at  the  spot  of  impulse  itself  the  contact  of  the  ven- 
tricle is  increased  during  systole,  away  from  the  spot  the  ventricle 
retires  from  the  chest-wall  (by  the  diminution  of  its  right-to-left 
diameter),  and  hence,  by  the  mediastinal  attachments  of  the  peri- 
cardium, draws  the  chest-wall  after  it. 

Endo-cardiac  pressure.  In  order  to  study  more  fully  the  changes 
going  on  in  the  heart  during  the  cardiac  cycle,  it  becomes  necessary 
to  know  something  of  what  is  taking  place  in  the  interior  of  the 
cavities  of  the  heart     At  present,  our  chief  information  on  this  hea^' 

8-2 


116  ENDO-CARDIAC  FSESSURX.  [Book  i. 

is  derived  from  the  experiments  of  Chauvcan  and  Mar^*.  By  intro- 
ducing  into  the  right  auricle  and  ventricle  reapediTely  of  the.horse, 
through  the  jugular  vein,  small  elastic  bags,  eacik  communicatiDg  with 


Fia.  22.    Tucmo  or  tbi  Yuutiokb  op  Pbksbcbx  nc  ibi  tiaat  Aououi  un>  Tsnu- 

cu,  AiTD  or  tia  CiBDUo  iMfOLBB,  u  TBI  HouB.    (AjmB  lUKn.)    (To  ba  IMd 

from  left  to  right.) 

The  npp«r  onrre  Tepresenta  the  Tariations  of  preBsnre  within  ths  ■oriele,  the 

middle  omre  the  T»riatianB  of  preBEOrs  within  the  Tentriole;  theee  two  tbenfo* 

iUastrete  ohangee  taking  place  in  the  interior  al  the  heart.   The  lower  oiuTe  npnenti 

the  voriatione  ot  pressnre  traoBinitled  to  a  lever  onteide  the  chest  and  oonatlttitiiig  Ibe 

oardiae  impnlae.     A  oomplete  oardiao  oyele,  beginning  at  the  close  of  the  Tsntrieidir 

eystole,  ii  compriced  between  the  thick  yertieal  lines  I  and  n.    The  thin  votieal  linei 

represent  tenths  of  a.Beoond.    a,  the  grsdnal  filling  of  the  anriole  and  ventriole;  A,  Ibe 

anrionlar  sjetole ;  e,  the  Tentnciilar  sygtole ;  d,  oecillations  of  presnire.  interpreted  b; 

Mare;  aa  caused  by  Tibrations  ot  the  aorianlo-Tentrienlar  valves ;  t  probably  mwTt*  tbe 

closing  of  tbe  sMnilonar  valvei. 

a  recording  tambour,  these  authors  were  enabled  to  take  simultaneona 
tracings  of  all  the  changes  of  pressure  occurring  in  the  two  cavities. 
These  results  are  embodied  in  Fig,  22,  of  which  the  upper  curre 
represents  the  changes  of  pressure  in  the  auricle,  the  middle  curve 
the  changes  of  pressure  in  the  ventricle,  and  the  lower  curve  the 
cardiographic  tracing  of  the  cardiac  impulse.  All  these  curves  were 
taken  simultaneously  on  the  same  reconiing  suri'ace. 

K 6thod>  -A-  tube  of  appropriate  curraturo  is  furnished  with  two  bimII 
elastic  bags,  one  at  the  extreme  end  and  the  other  at  such  a  distance  tii*' 
when  the  former  is  within  the  cavity  of  the  ventricle  the  lattter  is  in  tl» 
cavity  of  the  auricle.  Each  bag  (Fig.  23  A)  communicates  by  a  aqMrste 
air-t^ht  tube  with  aji  air-tight  bunboiu'  (Fig.  23  B)  on  which  a  lever  resta; 
BO  that  any  pressure  on  either  bag  is  communicated  to  the  cavity  of  i" 
respective  tamboar,  the  lever  of  which  is  raised  in  proportion.     The  writing 

'  Marejt  CfrexIaKon  <t»  Son;. 
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Fio.  23.     HutBT'a  Timbodb,  wits  Cuduc  Sodhs. 

A.  A  simple  cardiM  sonnd  nifih  ki  msf  b«  used  tor  exploration  of  the  left  ventriole. 
The  portion  a  ol  thd  ainpallB  at  the  end  is  of  thin  indift-nibber,  atretohed  over  an 
open  framework  vith  metallio  m^fotit  t\>ti^«  and  below.  The  long  tabe  b  nrvee  to 
introdnoe  it  into  the  oar^  wMeh  it  ts  desired  to  explore. 

B.  Ths  Tamboni.  The  metal  chamber  m  ia  covered  in  an  ur-tigbt  manner  with 
the  india-rabber  e,  bearing  a  thin  metal  fpUte  m'  to  which  ii  attadied  the  lever  t 
moving  on  the  hinge  h.  Tb.a  whole  tambour  can  be  placed  by  means  of  the  clamp 
«I  at  any  hei{[ht  on  the  upright  i'.  The  india-mbber  tube  t  ierves  to  eonneot  the 
inteiioT  of  the  tambour  either  with  the  oavit;  of  the  ampnlla  of  A  or  with  anjr  other 
eavih.  Sapposing  that  the  tnbe  t  were  oonneoted  with  b,  any  pressnre  eierled  on  a 
would  canse  the  reof  of  the  tambour  to  rise  and  the  point  ot  the  lever  would  be  propor- 
tioDatelj  railed. 

points  of  all  three  levers  are  brought  to  bear  on  the  same  recording  aur&ce 
exactly  underneath  each  other.  The  tube  is  carefully  introduced  through 
the  right  jugular  vein  into  the  right  aide  of  the  heart  until  the  lower  (ven- 
tricular) b«g  ia  fairly  in  the  cavity  of  the  right  ventricle,  and  consequently 
the  upper  (auricular)  bag  in  the  cavity  of  the  right  auricle.  Changes  of 
tvessure  in  either  cavity  then  cause  movements  of  the  coiTesponding  lever. 
When  the  pressure  is  increased  for  instance  in  the  auriclej  the  auricular 
lever  is  raised  and  describes  on  the  recording  aur&ce  an  ascending  curve; 
when  the  pressure  is  taken  off  the  curve  descends;  and  so  also  with  the 
ventricle. 

A  complete  cardiac  cycle  ia  comprised  between  the  vertical  lines 
X  and  IL  Fig.  22.  The  recording  surface  was  travelling  at  such  a 
rate  that  the  intervals  between  any  two  of  the  thin  vertical  lines 
coiresponda  to  one-tenth  of  a  second.  Hence  in  this  case  the  whole 
cardiac  cycle  occupied  about  |j  ths  of  a  second.  Any  point  in  the 
cycle  might  of  course  be  taken  as  its  comtoencement.  In  the  figure, 
the  cjt^e  is  supposed  to  begin  shortly  after  the  end  of  the  ven- 
tiicolar  sjstole,  and  the  beginning  of  the  diastole. 
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On  examinlDg  the  three  curves  we  see,  at  o^  a  steady  rise  of  the 
auricular,  accompanied  by  similar  gradual  ascents  of  the  ventricular 
and  also  of  the  cardiograph  lever.  These  may  be  interpreted  as 
indicating  that  the  blood  is  pouring  from  the  great  veins  into  the 
auricle,  increasing  the  pressure  there,  and  at  the  same  time  pasung 
on  into  the  ventricle,  increasing  also  the  internal  pressure  there,  a, 
and  also  by  distending  the  ventricle  causing  it  to  press  somewhat  on 
the  chest-wall  and  thus  to  raise  the  cardiograph  lever,  a!\  This  con-* 
tinues  for  about  ^ths  of  a  second,  and  is  then  followed  by  the 
sudden  rise  of  auricular  pressure  6  due  to  the  auricular  systole,  fol- 
lowed by  a  sudden  fall  as  the  blood  escapes  into  the  ventricle.  The 
sudden  entrance  of  blood  into  the  ventricle  causes  a  sudden  increase 
of  the  pressure  in  the  ventricle  as  indicated  by  the  ventricular  lever 
6',  and  a  sudden  increase  in  the  pressure  on  the  chest-wall  h".  The 
auricular  systole  is  followed  immediately  by  the  sudden  strong 
ventricular  systole  c\  the  pressure  rising  very  abruptly.  Owing 
to  the  presence  of  the  tricuspid  valves,  this  increase  of  pressure 
is  kept  off  the  auricle  altogether;  but  the  chest- wall,  as  shewn 
by  the  tracing  at  o'\  feels  the  sudden  increase  of  the  pressure  of 
the  ventricle  against  it.  The  ventricular  pressure  lasts  for  some 
time,  gradually  declining,  and  then  suddenly  falls.  This  may  be 
interpreted  as  indicating  that  the  systole  rapidly  reaches  a  maximum, 
maintains  that  maximum  with  a  slight  decline  only  for  some  little 
time,  and  then  suddenly  ceases.  The  oscillations  during  the  maxi- 
mum, as  seen  at  d\  and  also  manifest  in  the  auricular  curve  at  d,  and 
in  the  impulse  curve  at  d\  are  interpreted  by  Marey  as  due  to 
vibrations  of  the  tricuspid  valves,  but  their  causation  is  at  present 
by  no  means  clear.  At  the  end  of  the  ventricular  systole,  the  descent 
of  the  lever  is  broken  by  a  slight  rise  at  e\  visible  also  in  the  auricle 
at  e,  and  even  in  the  impulse  curve  at  e".  This  is  interpreted  by 
Marey  as  indicating  the  closure  of  the  semilunar  valves.  After  this 
slight  rise,  the  ventricular  curve  and  the  impulse  curve  fall  to  their 
lowest  points,  while  the  auricle  is  already  beginning  to  fill ;  and  the 
cardiac  cycle  begins  anew. 

It  must  be  remembered  that  the  above  curves  in  the  form  in  which 
they  are  given  in  the  diagram  can  only  be  used  for  ascertaining  the  varia- 
tions of  pressure  at  different  times  in  the  same  chamber,  or  for  determining 
what  changes  in  the  one  chamber  are  coincident  in  point  of  time  with 
changes  in  the  other.  They  in  no  way  indicate  the  amourU  of  pressure 
in  the  auricle  as  compared  with  that  in  the  ventricle.  Because  in  the 
figure  the  rise  of  tlie  curve  during  the  auricular  systole  is  about  half  that 
of  the  ventricle,  it  does  not  follow  that  the  pressure  caused  by  the  one  is 
half  that  caused  by  the  other. 

Thus  of  the  whole  period  of  a  beat,  the  largest  fraction  is  that  of 
the  diastole,  or  'passive  interval,'  i.e.  of  the  interval  between  the  end 
of  the  ventricular  and  the  commencement  of  the  auricular  systole. 
The  next  largest  is  that  of  the  ventricular  systole,  and  the  smallest 
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that  of  the  auricular  systole.  The  duration  of  the  diastole  is  usually 
given  as  f  of  the  whole  period,  that  of  the  whole  systole  being  |,  of 
which  far  the  greatest  part  is  taken  up  by  the  ventricle ;  but  in  these 
measurements  the  systole  is  supposed  to  end  with  the  cessation  of 
the  ventricle's  contraction  and  not  to  include  its  relaxation.  Bonders 
found  the  ventricular  systole,  as  determined  by  the  time  elapsing 
between  the  commencement  of  the  first  and  of  the  second  sounds, 
and  therefore  including  the  relaxation  as  well  as  the  contraction  of 
the  ventricular  fibres,  to  occupy  on  the  average  '301  to  '327  sec.,  or 
40  to  46  p.  a  of  the  whole  period.  Landois^  gives  the  following  mea- 
surements, the  whole  cycle  lasting  1*130  sec 


He«n  Bnntion  of  anrioiilBr  systole  to 
beginning  of  Tentricolar  systole  ... 

Mean  Dnzation  of  yentrioolar  contrao- 
tiom  

Ifean  Dontion  of  maintenance  of  oon- 
traetion    

Hean  Duration  from  begLoning  of  re- 
laxation to  closure  of  semilnnar 
Talrea 

Mean  Dnraiion  of  dosnre  of  Talres  to 
beginning  of  pause 

ICean  Duration  of  remainder  of  cycle 


•177  sec. 


•192 
•082 


•072 

200 
407 


ft 
>t 

fi 

tf 
>t 


*451  sec.  =  systole  of  the  heart  as 
usually  understood. 

*846  „    =  systole  of  ventricle  as 
measured  by  Donders. 


•679 


» 


=  diastole  of  the  heart  as 
usually  understood. 


1-180 


The  proportions  however  are  not  fixed,  but  vary  somewhat. 
Practical]^  speaking,  there  is  no  interval  between  the  auricular  and 
ventriculiur  systole,  the  latter  being  separated  from  the  former  by  a 
fraction  of  time  which  is  almost  inappreciable. 

When  the  actual  pressure  in  the  heart  of  a  horse  is  measured 

either  bv  a  graduation  of  Marey's  instrument,  or  by  introducing  an 

open  tube  connected  with  a  mercury  manometer  directly  into  the 

cavities  of  the  heart,  the  pressure  during  the  right  auricular  systole 

does  not  amount  to  more  than  2  or  3  mm.  of  mercury,  while  tnat  of 

^lie  right  ventricular  systole  is  about  25  mm.,  and  that  of  the  left 

veatricle   (the  tube  being  introduced  through  the  carotid  artery) 

amounts  to  about  200  mm.' 

lick*  employing  a  different  method,  has  arrived  at  results  which  in 
agree  wiUi  and  in  part  differ  from  those  of  Marey.  He  introduced,  in  the 
b  auricle  or  ventricle  through  the  jugular  vein,  or  into  the  left  ventricle 
^f^^^ogh  the  carotid  artery,  a  glass  tube  filled  with  sodium  carbonate  solu- 
^P*^*  open  at  the  end  introduced  into  the  heart  and  connected  at  the  other 
^^^^  a  spring  manometer  (Fig.  24).  The  variations  of  pressure  occurring 
^^  '^lie  auricle  or  veatricle  were  accordingly  directly  transmitted, to  the 
^^^^ometer.  He  finds  that  the  pressure  of  the  auricle  is  almost  constant 
Y|^*'^Xlg  the  several  cardiac  phases.  Instead  of  the  pressure  rising,  as 
'^'^^^y  found,  during  the  auricular  systole,  and  becoming  negative,  t.e. 
*^^^^^^^ing  below  the  pressure  of  the  atmosphere,  after  the  auricular  systole, 

1    CM.  Jfed.  Win.  1866,  p.  179.  •  Marey,  op,  eit. 

TJeber  die  Sehwankungen  des  Blutdmckes  in  yerschiedenen  Absohnitten  des  Oefltos- 
m,    ArbHten  a.  d.  Phytiolog.  Laborator,  d,  WUrtburger  Hoch«c)mle,  "p.  \%&. 
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nevoid  1^  n^  f  1^  kM^-«  <ii=«<M  fvnt^  w  Cud  vU  riaihal,  wl  A*  il^|^ 

4i«^ur  :«kMo.  viSi  iljni  *iUl  mtas.  au^-sum  nnbav^    Cte  »^^^^  A*  rtvp  "^^ 

ihn  n^iLSKvs  .-e  nwwiEv  .-<  Ai*  K-x-J  to.  s^  uuet  ih fiwil  ■»  *r  IibI  *^ 

da  ^-u;*  ramnl  ife-j^:  u  «k.-^  ^anvatw  <t  iieiiiiim=«  i^  vimg  •y>to.»J  ***♦ 
i».-<wSHB«f  .-£  dri  *?M  4s£  i  Kii  iruiiifcwi  M  xb#  v^Bsr  b^  L    uv  aab^i^^^ 
«^  uma  VIE)   uw   ^wm  lo.  tc^ia^amifaa  -an  «Ah«k  v  tt>  Ci^bm),  t-'-*^ 

MRB*    !■!     ■■HIM     If    llli'*'^ 
[  (ipKUBMSUilf  J I  ■  til  MM  if  I 

viit^L  J13.111  i  Via  ',-c  sncx-iK^  i\m.  vbr  hMt  '<st*  iMf  ifar  |iimi*  of  ih" 
«iK«aja.iM  ^00.-0.  j»  Mua  «2v  vvuk-nitKLa.  sun  «^  ew  tfwu  ijnihi.  tat  ^*' 

3a«  WfWKT  T-Un-llb/tL  ■.■£  liW  iiTUaiW.  T5J.  »  KMO  lit*  fLUIIUIt  WWl  •• 
liHWtU    ^C^  <.VItiii  iht    3i.-    JI.-W    ~>m    TOit    X^L3»    SUV    1&M    bMRV   JnH§  Af 

vfioin.'uiuc  mnnu^  aoil  •ti/aat^^amiii^  to.  ^svtM  tiir  iftw  in*  ^hb^  ■ 
'jiM  ib/w  i^iHiif;  ^dw  <(«ui&  ^  u<4  -icttMOM^  li  ant  tiuaAt  *U  «nl  i* 
4,xiHiiHti,      E^ucui|(  ^^  oqiMciwuiiw:  »;>^Mtn>f,  iki  tacvat  n 
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UBVEs  Illustrattno  thb  Yabutions  of  Pbessubb  nr  thb  Gayitiss  of  thb 
Hkabt  acoobdino  to  Fick.    (To  be  read  from  left  to  right.) 

essnre  in  the  right  anriole.  5,  the  base  line  or  line  of  pressure  of  one 
here.  The  curye  of  the  aorioolar  pressure  is  here  for  the  most  part  sUghtly 
e,  rising  to  the  base  line  daring  the  venZricular  qrstole. 

pressure  in  the  right  yentriole.  5,  the  base  line,  as  before.  «,  the  com- 
nent  of  the  systole.  The  pressure  is  seen  to  beoome  negatire  daring  the 
I. 

pressure  in  the  left  yentriole.  The  base  line  is  not  shewn,  bat  it  oooupies 
he  same  position  as  in  i{.  F.    «,  the  commencement  of  the  systole. 

If  is  a  copy  of  one  of  Marey*s  caryes  of  the  left  yentriole  (differing  somewhat 
lat  giyen  in  Fig.  22),  introdaoed  for  the  sake  of  comparison. 


more  blood  flows  into  the  anricle  from  tbe  veins.  During  tbe 
r  diastole,  the  extra  room  thereby  afforded  for  the  blood  would 
minish  the  pressure  in  the  auricle;  but  this  is  the  time  when  the 
itracts,  and,  by  diminishing  the  capacity  of  its  cavity  in  propor- 
i  contents  escape  into  the  ventricle,  maintains  the  pressure  in  the 
cavity  fjEiirly  equable.  According  to  this  view  however  the 
systole  ought  immediately  to  succeed  the  ventricular  systole; 
oes  not.  This  fairly  constant  pressure  in  the  auricle  Fick  found 
enoed  by  the  respiratory  movements,  especially  when  the  breathing 
red,  rising  considerably  above  the  base  line  (of  atmospheric  pres- 
:piration  and  sinking  sometimes  as  much  as  10  mm.  below  during 
L  The  curves  (Fig.  25,  R.V.  L.V.)  which  he  obtained  from  the 
left  ventricles,  resemble  very  closely  those  of  Marey;  the  pressure 
)  systole  being  in  the  dog  on  the  right  side  from  20—40  mm.,  on 
de  about  140  mm.  He  found  that  on  both  sides  the  pressure 
^tive,  falling  slightly  below  the  base  line,  immediately  after  the 
ther  more  on  the  right  side  than  on  the  left  Marey  found  the 
tive  pressure  immediately  after  the  systole  to  be  greater  on  the 
3n  the  right.  Fick  arrived  at  the  puzzling  result,  which  he  says 
due  to  sluggishness  of  the  manometer,  that  with  a  quick  pulse 
lum  pressure  in  the  left  ventricle  may  be  as  much  as  24  mm. 
of  the  aorta.     Though  Fick*8  results  have  been  corroborated  by 
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Gradle',  Harej'  insistB  ihftt  thej  are  doe  to  a  &iiUiiiHB  of  die  maiMneler. 
The  more  normal  oomlition  occorriiig  with  an  ordinaiy  lapiditj  of  piba, 
u  shewn  in  Fig.  26. 


Fig.  26.    Cukts  IixusnATixo  thx  Paxasun  n  Lbft  YssraicLB  mm  oaaaAMMD^a^ 

THAT  Di  AoBXA.    (To  be  read  from  lefl  to  zi^lit.) 


At/ the  tube  was  withdiawn  bom  the  caTity  of  the  Tentrida  tfaioiii^  tiie  lonliBir 
Talree  into  the  aorta.  Z..  F.,  the  preeenre  in  the  Tcntiide.  A^  the  lauMBieinfla 
aorta.  The  more  gradnal  fall  of  the  prossme  in  the  aorta  ia  Tory  marked,  h  tht  laM 
line.  The  dure  X.  K.  differs  sli^tly  frcmi  X.  F.  in  Fig.  25,  beeanaa  in  tbefonMrtt* 
aberration  caused  bj  the  enrrilinear  morement  of  the  wilting  lefer  (indicatel  ligr  vB 
line  r)  has  not  been  ecMzected. 


[ 


The  Mechanism  of  the  Valves. 

The  auricolo-Yentriciilar  valves  present  no  difficulty.    As  ib^ 
blood  is  being  driven  by  the  auriculiur  systole  into  the  ventride, » 
reflux  current  is  set  up,  by  which  the  blood,  passing  along  the  sides  ot 
the  ventricle,  gets  between  them  and  the  flaps  of  the  valve  (whethet 
tricuspid  or  mitral).     As  the  pressure  of  ^e  auricular  systole  di' 
minishes,  the  same  reflux  current  floats  the  flaps  up,  until*  at  tb^ 
extreme  end  of  the  systole  they  meet,  and  thus  the  orifice  is  at  onc^ 
and  finuly  closed,  at  the  very  beginning  of  the  ventricular  beat- 
The  increasing  intraventricular  pressure  serves  only  to  render  th^ 
valve  more  and  more  tense,  and  in  consequence  more  secure,  th^ 
chonlas  tondiuese  and  the  contraction  of  the  papillary  muscles  (simul^ 
t-anoous  with  that  of  the  rest  of  the  ventricular  walls)  preventing 
the  valvo  from  being  inverted  into  the  auricle,  and  indeed  keeping 
the  i)lano  of  the  valvular  sheet  convex  to  the  ventricular  cavity,  by 
which  moans  tho  oi>mplote  emptying  of  the  ventricle  is  more  fully 
offootod.     Sinoo  tho  same  papillary  muscle  is  in  many  cases  con- 
uootvd  by  chonIft>  with  the  adjacent  edges  of  two  flaps,  its  contractioi^ 
also  Korvos  to  koon  those  flaps  in  more  complete  apposition.  Moreover 
t ho  oxtnMuo  bonlors  of  tho  valves,  outside  the  attachments  of  tb^ 
rhonho,  aro  oxiH^ssivoly  thin,  so  that  when  the  valve  is  closed,  these 
tliin  portiohM  aiv  (m'ssiHi  flat  together  back  to  back ;  hence  while  the 


»  Wifntr  Mfil.  Jahrb,  1S70,  ^  401. 
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gher  central  parts  of  the  valves  bear  the  force  of  the  ventricular 
tole,  the  apposed  thin  membranous  edges,  pressed  together  by  the 
ody  more  completely  secure  the  closure  of  the  orifice. 

The  flemiloiiar  valves  are,  during  the  ventricular  systole,  pressed 
irards  towards  the  arterial  walls,  and  thus  offer  no  obstacle  to  the 
ape  of  blood  from  the  cavities  of  the  ventricles.  As  the  ventricular 
tole  diminishes,  a  reflux  current  partially  fills  the  pockets,  and 
ds  to  carry  their  free  margins  towards  the  middle  of  the  tube, 
on  the  sudden  close  of  the  systole,  the  elastic  rebound  of  the 
erial  walls  causes  a  sudden  current  backwards,  which,  filling  and 
tending  the  pockets,  causes  their  free  margins  to  come  into  com- 
te  and  firm  contact,  and  thus  entirely  blocks  the  way.  The  corpora 
intii  meet  in  the  centre,  and  the  thin  membranous  festoons  or 
lulsd  are  brought  into  exact  apposition.  As  in  the  tricuspid  valves, 
here,  while  the  pressure  of  the  blood  is  borne  by  the  tougher 
lies  of  the  several  valves,  each  two  thin  adjacent  lunulse,  pressed 
ether  by  the  blood  acting  on  both  sides  of  them,  are  kept  m  com- 
te  contact,  without  any  strain  being  put  upon  them ;  in  this  way 
orifice  is  closed  in  a  most  efficient  manner. 

An  ingenious  view  has  been  put  forward  by  Brdeke^  concerning  the 
on  of  the  semilunar  valves.  He  maintains  that  during  the  ventricular 
4>le,  the  flaps  are  pressed  back  flat  against  the  arterial  walls,  and  in  the 
»  of  the  aorta  completely  cover  up  the  orifices  of  the  coronary  arteries ; 
oe  tke  flow  of  blood  from  the  aorta  into  the  coronary  arteries  can  take 
ie  only  during  the  ventricular  diastole  or  at  the  very  beginning  of  the 
ole,  and  not  at  all  during  the  systole  itself.  The  object  of  this,  he 
les,  is  twofold.  In  the  first  place,  the  muscular  tissue  of  the  ventricle 
ot  burdened  with  blood  at  the  moment  that  it  is  undergoing  contraction, 
receives  its  nutritive  supply  during  the  phase  of  relaxation ;  hence  the 
»le  force  of  the  contraction  of  the  ventricular  fibres  is  spent  on  the 
bents  of  the  cavity,  and  none  is  wasted  in  compression  of  the  intra-mus- 
Jt  blood-vessels.  In  the  second  place,  the  efiect  of  the  flow,  at  the  close 
he  s}r8tole,  into  the  previously  emptied  coronary  arteries,  is  to  unfold,  so 
peak,  the  collapsed  cavities  of  the  ventricles  very  much  in  the  same  way 
he  collapsed  cavity  of  a  double-walled  ball  may  be  reinstated  by  the 
ible  injection  of  fluid  into  the  space  between  the  two  walls.  Through 
particular  behaviour  of  the  valves,  in  fact,  the  heart,  as  an  afler-eflect  of 
systole,  dilates  its  own  ventricles;  hence  the  mechanism  has  been 
3d  by  Briicke  a  'self-regulating  mechanism.' 

BrQcke's  view  has  however  been  much  disputed.  In  the  first  place,  we 
w  that  the  flow  of  blood  from  an  ordinary  skeletal  muscle,  though  it 
^  sufier  a  brief  initial  check  (probably  from  compression  of  the  larger 
is),  is  increased  and  not  diminished  by  a  tetanic  contraction  of  the 
icle,  the  increase  being  vnsible  while  the  contraction  is  still  at  its  height*, 
responding  to  this  lasting  increased  flow  from  the  veins  there  must  be 
increased  flow  into  the  arteries.     And  in  certain  dispositions  of  the 

^  Wien,  8itt,'Berieht€^  1854 ;  and  Der  Ver$chlu$t  d,  Kranznehlagadem, 
*  GaskeU,  Lndwig's  Arbeiten,  187G ;  and  Joum.  Anat,  and  Phy*,,  xi.  S(K). 
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blood-Tenels  and  mnscnljLr  fibres  (as  wlicn  a  iisblI  is  sunwuided  bj  film 
nmning  lengchwmjs  parallel  to  itself),  the  increased  thi^ening  of  iW  film 
will  cemi  not  to  compress  bat  to  dilate  the  Trirl      The  adTantage  to  the 
mnacnlar  tissue  therefore  of  the  cli»are  of  the  corooarj  arteries  seeoM  it 
least  doabcfuL    In  the  second  place,  it  has  been  nrged  thai^ in  pointof lMi» 
the  mouths  of  the  coronarr  arteries  are  not  corcfed  bj  the  Tslves.    Bct^ 
replies  that  thev  maj  appear  nncoTered  during  diMOCtion  after  death,  fask 
are  actn^v  covered  daring  lifi?.     He  moreoTer  brings  forward  an  eiperi- 
menc  on  a  pig's  heart  remoTed  from,  the  body,  in  which  a  atreanoi  of  vsts 
seat  throo^  the  palmonarj  veins  and  auricle  into  the  left  Tentnde  mm 
throa^  the  open  aorta,  withoat  a  drop  of  it  appearing  aft  the  cat  end  of  a 
opened  coronarr  arterj,  if  the  aorta  be  maintained  in  a  proper  positioa, 
and  all  vibration  and  jar  be  avoided ;  and  argoea  that  it  is  the  dosms  of 
the  orifices  bv  the  vsdves  which  prevents  the  fiow,  becaose  anj  shake  nft- 
cient  to  develope  a  backward  current  in  the  aorta  and  thus  to  lift  up  tbfl 
valvesi,  at  once  gives  rise  to  a  flow.     If  howerery  as  haa  been  stated,  tbfl 
experiment  will  succeed  equally  well  in  the  absence  of  the  valveB,  and  will  not 
succeed  if  the  &ee  exit  of  fiuid  from  the  end  of  the  aorta  be  hindered  though 
the  valves  be  intact,  the  absence  of  a  flow  through  the  coronary  artery  mnitbo 
<iue  to  a  deficiency  of  pressure  in  the  aorta  and  not  to  any  actuHi  of  the  vehfli 
The  undoubted  &et  that  blood  flows  €rc«i  a  wounded  coronary  arteiy  ie 
jerks  corretponding  to  the  systole  and  not  to  the  diastc^,  Brti^  meeti 
wi&h  the  observation  that  the  coronary  arteries  must  share  just  previooi  to 
the  closure  of  the  valves  in  that  increased  pre:»ure  in  the  aorta  which  ii 
the  cause  of  the  closure  of  the  valves,  and  that  the  higher  preasore  tkoi 
g-jined  at  the  beginning  of  the  systole  is  maintained  during  the  sjstok  by 
the  obstruction  to  the  outward  flow  arising  from  the  contracting  fibm 
compressing  the  small  vessels;   while  the  empty  condition  of  the  bdiU 
brani:hes  of  the  coronary  arteries  and  of  the  veins  at  the  commenoemenk  of 
the  Jiadtole,  must  diminish  the  pressure  in  the  main  coronary  aiteri> 
themselves  daring  diastole,  and  so  prevent  a  diastolic  spurt  from  a  wound  in 
them.     This  however  is  hardly  satiifiictory,  since  as  r^ards  the  systole^  •■ 
La«  Vieen  urged  above,  an  obstruction  of  the  flow  firom  compression  by  tbe 
tarLsciiIar  fibres  is  at  least  doubtful,  and  as  regards  the  diastole  the  sap* 
[j<>!ieil  empty  condition  of  the  coronary  vessels  can  produce  an  eflTect  only  at 
the  very  beginning  of  the  diastole.     On  the  other  hand,  Ceradini',  wb»- 
oI'/Herveil  the  cootiition  of  the  valves  in  an  excised  heart  by  looking  do**- 
thn>agh  a  wide  glass  tube  inserted  into  the  aorta,  is  of  opini<m  that  darioff 
the  systole  the  valves  are  not  applied  close  to  the  arterial  wall,  but  float  i*- 
an  intt:rme«liate  position  of  equilibrium^  maintained  by  reflux  coirentB^ 
their  orifii^e  taking  on  the  form  of  an  equilateral  triangle  with  curved  side^ 
The  name  reflax  currents  gradually  (but  of  course  rapidly)  dose  the  orifice 
as  the  force  of  the  systole  diminishes,  and  the  eflect  of  the  elastic  reboaod 
Ls  simply  to  render  the  closure  tense  and  firm.     Thus,  argues  Ceradini,  n^ 
regurgitation  of  fiuid  firom  the  aorta  into  the  ventricle  at  the  end  of  tba 
hyit4jle  and  the  beginning  of  the  diastole  is  possible,  and  a  hurtful  vast^ 
which  on  Briicke's  hypothesis  seems  unavoidable,  averted. 

The  panage  of  the  blood  throiu^h  the  heart  takes  place  as  fol- 
lows.   The  right  auricle  during  its  diastole,  by  the  relaxation  of  i^ 

^  Der  Meehanisjiuu  der  halbmondpirmitfen  HerzkUipptn.    Leipzig;  1S7S. 
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moflCQlar  fibres,  and  by  the  fact  that  all  pressure  from  the  ventricle 
J8  removed  by  the  tension  of  the  tricuspid  valves,  offers  but  little 
veiutance  to  the  ingress  of  blood  from  the  veins.  On  the  other 
Ittod,  the  blood  in  the  trunks,  both  superior  and  inferior  vena  cava,  is 
under  a  certain  though  low  pressure,  augmented  in  the  case  of  the 
SBperior  vena  cava  by  gravity,  and  in  consequence  flows  into  the  empty 
Mffida  At  each  inspiration,  this  flow  is  favoured  by  the  negative 
preesore  in  the  heart  and  great  vessels  caused  bv  the  respiratory 
moirements.  Before  this  has  gone  on  very  long,  the  diastole  of  the 
tentride  b^ns,  its  cavitv  enlarges,  the  pressure  in  that  cavity 
.becomes  nil  or  even  negative,  the  flaps  of  the  tricuspid  valve  fall 
bick,  and  blood  for  some  little  time  flows  in  an  unbroken  stream 
fimn  the  venn  cavse  into  the  ventricle.  In  a  short  time,  however, 
before  much  blood  has  had  time  to  enter  the  ventricle,  the  auricle  is 
&I1,  and  forthwith  its  sharp  sudden  systole  takes  place.  Partly  by 
iBMOQ  of  the  onward  pressure  in  the  veins,  which  increases  rapidly 
from  the  heart  towards  the  capillaries,  partly  from  the  presence  of 
^ee  in  the  venous  trunks  and  at  the  mouth  of  the  inferior  vena 
can^  but  still  more  from  the  fact  that  the  systole  begins  at  the 
great  veins  themselves  and  spreads  thence  over  the  auricle,  the 
face  of  the  auricular  contraction  is  spent  in  driving  the  blood,  not 
back  into  the  veins,  but.  into  the  ventricle,  where  the  pressure  is  still 
•Joeedingly  low. 

Whether  there  is  any  backward  flow  at  all  into  veins,  or  even  an 

^terraption  to  the  forward  flow,  or  whether  by  the  progressive  character 

^  the  systole  the  flow  of  blood  continues,  so  to  speak,  to  follow  up  the 

^f*tole  without  break  so  that  the  stream  from  the  veins  into  the  auricle  is 

'^^^j  oontinuonsy  is  at  present  doubtful ;  though  a  slight  positive  wave  of 

P^^Bomire  sjrnchronous  with  the  auricular  systole,  travelling  backward  along 

^bi^  Teins,  has  been  observed  at  least  in  cases  where  the  heart  is  beating 

^^^^oroiisly. 

The  ventricle  thus  being  filled,  the  play  of  the  tricuspid  valves 
^^Bcribed  above  comes  into  action,  the  auricular  systole  is  followed 
"y  that  of  the  ventricle,  and  the  pressure  within  the  ventricle,  cut  off 
"^xn  the  auricle  by  the  tricuspid  valves,  is  brought  to  bear  entirely 
^^  the  conus  artenosus  and  the  pulmonary  semilunar  valves.  Aa 
*^on  as  by  the  rapidly  increasing  force  of  the  ventricular  contraction, 
*^^  pressure  within  the  ventricle  becomes  greater  than  that  in  the 
Pulmonary  artery,  the  semilunar  valves  open,  and  the  still  increasing 
^^tole  discharges  the  contents  of  the  ventricle  into  that  vessel.  But 
*^  the  systole  passes  off,  the  pressure  in  the  artery  becomes  greater 
^^n  that  in  tne  cavity  of  the  ventricle,  and  a  rebound  of  the  blood 
^^Jces  place.  The  first  act  of  this  rebound  however  is,  as  we  have 
^^^n,  nrmly  to  close  the  semilunar  valves,  and  thus  to  shut  off  the 
^^er-distended  artery  from  the  now  empty,  or  nearly  empty,  ventricle. 

During  the  whole  of  this  time  the  left  side  has  with  still  greater 
^^«rgy  been  executing  the  same  manoeuvre.    At  the  same  time  that 
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the  Tense  cavge  are  filling  the  right  anricle,  the  pnlmooaiy  toqi  ue 
tilling  the  left  auricle.  At  the  same  time  that  the  ripit  imicle 
is  contracting,  the  left  auricle  is  contracting  too.  '  The  Vfitgk  of^ 
the  left  Tentricle  is  ByDcbronoua  with  that  of  the  right  ventride,  )«& 
executed  with  greater  force ;  and  the  flow  of  blood  is  guided  tax 
the  left  side  by  the  mitral  and  aortic  ralyes  in  the  same  way  tbit^ 
it  is  on  the  right  by  the  tricuspid  ralyes  and  those  of  the  puUaoiui^ 
artery. 

The  Sounds  of  ike  Heart. 

When  the  ear  is  applied  to  the  cheat,  either  directly  or  \!j  meus 
of  a  stethoscope,  two  sounds  are  heard,  the  first  a  comparatdvely  los^ 
(lull  booming  sound,  the  second  a  short  shaip  suddoi  one.  Between 
the  first  and  second  sounds,  the  interval  of  time  is  Tety  short,  Imfc 
between  the  second  and  the  succeeding  first  sound  tiiere  ii  wu 
distinct  pause.  The  sounds  have  been  likened  to  the  pnmuncutiaa. 
of  the  syllables,  lubb,  dtlp,  so  that  the  cardiac  cycle  as  far  « tb^ 
sounds  are  concerned,  might  be  represented  by  \ — lubb,  dilp^  pMsa^ 
The  relative  duration  of  the  sounds,  and  of  the  pause,  as  well  aa  their 
relations  in  point  of  time  to  the  changes  taking  place  in  the  hewty 
are  shewn  in  the  following  diagram.    F^.  27. 


Fltt.  27,  DUOBimUnO  BEPBEflBHTATiaN  OF  TBH  MoTIUarM  IXD  BouxM  tf  ^"^ 
HuBT  DDBiHa  1'Cahduc  Febiod.  (Aitib  Da  SaiBm.) 
The  Tantrionlu  syBtole,  vhieb  is  here  nged  to  denote  tlie  aotioii  of  the  Tentriek  ^ 
to  the  oloBure  of  the  Bemilouar  valves,  ia  represented  as  occapjing  Bbont  4E  p.  o-i  *^ 
the  two  BonndB  together  as  rather  mora  th»o  half,  of  the  whole  penod ;  hot  the  SMlJ^ 
is  intended  to  Bhew  merel;  the  general  relationa  of  the  variona  events,  uid  not  to  Pf" 
at  k  means  of  measoiement. 

The  second  short  sharp  sound  presents  no  difficulties.    It  ^ 
coincident  in  point  of  time  with  the  closure  of  the  semilunar  tsIk^ 
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I  is  heard  to  the  best  advantage  over  the  second  right  costal  car- 
ge  close  to  its  junction  with  the  sternum,  %,e»  at  the  point  where 
aortic  arch  comes  nearest  to  the  surface.  Its  characteif  are  such 
vould  belong  to  a  sound  generated  by  the  sudden  tension  6f  valves 
the  semilunar  valves.  It  is  obscured  and  altered,  replaced  by 
trmurs'  when  the  semilunar  valves  are  affected  by  disease,  the 
ration  being  most  manifest  to  the  ecu:  at  the  above-mentioned 

0  when  the  aortic  valves  are  affected.  When  the  aortic  valves 
hooked  up  by  means  of  a  wire  introduced  down  the  arteries,  the 
nd  sound  is  obliterated  and  replaced  by  a  murmur.  These  facts 
re  that  the  second  sound  is  due  to  the  sudden  tension  of  the 
Ic  (and  pulmonary)  semilunar  valves, 

Xhe  first  sound,  longer,  duller,  and  of  a  more  'booming'  character 
"x  the  second,  heard  with  greatest  distinctness  at  the  spot  where 
oardiac  impulse  is  felt,  presents  many  difficulties  in  the  way  of  a 
plete  explanation.  It  is  heard  distinctly  when  the  chest-walls 
removed.  The  cardiac  impulse  therefore  can  have  little  or 
^ing  to  do  with  it  In  point  of  time,  and  in  the  position  in  which 
iay  be  heard  to  the  greatest  advantage  (at  the  spot  of  the  cardiac 
mise  where  the  ventricles  come  nearest  to  the  surface),  it  corre- 
ads  to  the  closure  of  the  auriculo-ventricular  valves.  In  point  of 
racter  it  is  not  such  a  sound  as  one  would  expect  from  the  vibra- 

1  of  membranous  structures,  but  has,  on  the  contrary,  many  of  the 

racters  of  a  muscular  sound.     In  favour  of  its  being  a  valvular 

id,  may  be  urged  the  fact  that  it  is  obscured,  altered,  replaced  by 

murs,  when  the  tricuspid  or  mitral  valves  are  diseased;   and 

ord^  found  that  clamping  the  great  veins  stopped  the  sound 

gh  the  beat  continued.     On  the  other  hand,  Ludwig  and  Dogiel* 

1  the  sound  distinctly  in  a  bloodless  dog's  heart,  in  which  there 

10  fluid  to  render  the  valves  tense  and   set  them   vibrating. 

here  is  a  great  difficulty  in  regarding  it  as  a  muscular  sound, 

nuscular  sound  is  the  result  of  a  tetanic  contraction,  the  height 

note  produced  varying  with  the  number  per  second  of  the 
contractions  which  go  to  make  up  the  tetanus.  A  simple 
tion  or  spasm  cannot  possibly  produce  a  musical  sound,  such 
le  cardiac  sound.  The  beat  of  the  heart  is  a  comparatively 
ig-continued  single  spasm,  and  not  a  tetanic  contraction.  In 
latent  period,  and  in  all  its  characters,  the  heart's  beat  bears 
ip  of  being  a  single  spasm.    If  so  it  cannot  give  rise  to  a 

the  rheoscopic  muscle-nerve  preparation  (p.  54)  is  placed  over 

each  beat  of  the  heart  (ventricle  or  auricle)  is  followed  by  a 

un,  not  by  tetanus,  of  the  rheoscopic  muscle.     By  properly  dis- 

nerve  of  the  preparation  a  contraction  corresponding  to  the 

the  auricle  followed  rapidly  by  a  second  corresponding  to  the 

1  .4  etion  and  Sounds  of  the  Heart.    London,  1860. 
3  Lodwig's  Arbtiten,  Jabrg.  1868. 
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systole  of  tbe  ventricle  may  be  obtained^  but  in  eacb  case  the  oontracti0&  in 
the  1^  is  simple  and  not  tetanic.  This  result  is  consistent  with  the  yiew 
that  the  systole  is  a  simple  spasm,  but  cannot  be  regarded  as  a  piroof  tliat  it 
is  such.  fVxr  it  is  not  every  tetanus  in  a  muscle  which  will  give  a  aecondaiy 
tetanus  in  the  rheoscopic  muscle.  When  the  tetanus  in  a  muscle  is  induced 
by  the  ordinary  interrupted  current  applied  directly  to  the  nerve  of  tlie 
muscle,  the  tetanus  in  the  rheoscopic  muscle  appears  without  difficulty,  but 
where  the  tetanus  is  produced  by  a  constant  current^  the  so-called  brnJdng 
or  making  tetanus  (p.  59),  the  rheoscopic  muscle  responds  by  a  siii^ 
(initial)  spasm  instead  of  a  tetanus.  The  pronounced  tetanus  of  strjdmu 
similarly  gives  rise  to  a  simple  initial  spasm  and  not  to  a  tetanus  of  tiie 
rheoscopic  muscle,  and  the  same  feature  is  characteristio  of  the  natonl 
respiratory  contractions  of  the  diaphragm  and  probably  of  all  voluntiiy 
contractions  ^ 

Moreover,  in  cases  of  hypertrophy,  where  the  muscular  element 
and  action  is  increased,  the  sound,  so  far  from  being  increased,  ii 
impaired.  Hence,  the  first  sound,  whether  it  be  regarded  as  the 
result  of  the  vibration  of  the  auriculo-ventricular  valves,  acted  upon 
by,  and  in  turn  acting  on,  columns  of  blood,  or  as  a  muscular  souod, 
presents  great  difficulties.  No  other  cause,  in  the  least  satis&ctoiyy 
has  been  suggested;  and  the  difficulties  are  rather  increased  thtfi 
met  by  supposing  that  the  sound  is  at  once  both  valvular  and  mus- 
cular in  origin. 

The  Work  done. 

We  can  measure  with  exactness  the  intraventricular  preflsurp* 
the  len^h  of  each  systole,  and  the  number  of  times  the  systole  iB 
repeated  in  a  given  period,  but  perhaps  the  most  important  factor  of 
all  in  the  determination  of  the  work  of  the  vascular  mechanisiiiy 
the  quantity  ejected  from  the  ventricle  into  the  aorta  at  each  systdef 
cannot  be  accurately  determined ;  we  are  obliged  to  fall  back  ol^ 
calculations  having  many  sources  of  error.  The  mean  result  of  thea^ 
calculations  gives  about  180  grms.  (6  oz.)  as  the  quantity  of  blood 
which  is  driven  from  each  ventricle  at  each  systole  in  a  fuU-growti. 
man  of  average  size  and  weight.  It  is  evident  that  exactly  the  sam^ 
quantity  must  issue  at  a  beat  from  each  ventricle ;  for  if  the  righ^ 
ventricle  at  each  beat  gave  out  rather  less  than  the  left,  after  a  ceT^ 
tain  number  of  beats  the  whole  of  the  blood  would  be  gathered  il» 
the  systemic  circulation.  Similarly,  if  the  left  ventricle  gave  ou* 
less  than  the  right,  all  the  blood  would  soon  be  crowded  into  tU© 
lungs.  The  fact  that  the  pressure  in  the  right  ventricle  is  so  mucb 
less  than  that  in  the  left  (30  or  40  mm.  as  compared  with  200  mctft* 
of  mercury),  is  due,  not  to  diflferences  in  the  quantity  of  blood  i^ 
the  cavities,  but  to  the  fact  that  the  peripheral  resistance  which  ha^ 
to  be  overcome  in  the  lungs  is  so  much  less  than  that  in  the  rest  of 
the  body. 

^  Hering  a.  Friedrioh,  Wien,  Sitzungs-Berichte,  lxzu.  (1875). 
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Yaiicnifl  methodB  have  been  adopted  for  caloolating  the  average  amount 
'  blood  ejected  at  each  yentricular  systole.  It  has  been  calculated  from 
.6  capacitj  of  the  recently  removed  and  as  yet  not  rigid  venteystoy  filled 
tth  blood  under  a  pressure  equal  to  the  calculated  average  pressure  in  the 
intrida  This  method  of  course  presupposes  that  the  whole  contents  of 
le  ventricle  are  ejected  at  each  systole.  Yolkmann^  measured  the  see- 
ms! area  of  the  aorta,  and  taking  an  average  velocity  of  the  blood  in  the 
(rU  (a  very  uncertain  datum),  calculated  the  quantity  of  blood  which  must 
U88  through  the  sectional  area  in  a  given  time.  The  number  of  beats  in 
at  time  then  gave  him  the  quantity  flowing  through  the  area  and  conse- 
lently  ejected  from  the  heart  at  each  beat.  The  mean  of  many  experi- 
entB  on  different  animals  came  out  '0025  p.  c.  of  the  body  weight,  which 

a  man  of  75  kilos  would  be  187*5  grms.  Yierordt  measured  the  mean 
lodty  and  the  sectional  area  in  the  carotid,  and  thence,  from  a  measure- 
snt  of  the  sectional  area  of  the  aorta,  and  £rom  a  calculation  of  the  blood's 
daa  velocity  in  it,  based  on  the  supposition  that  the  mean  velocity  in  an 
t«iy  was  inversely  as  its  sectional  area,  arrived  at  the  quantity  flowing 
rcmgh  the  aortic  sectional  area  in  a  given  time,  and  thus  at  the  quantity 
■nng  at  each  beat.  Both  these  calculations  are  vitiated  by  the  fact  that 
B  variations  of  velocity  in  the  aorta  are  so  great,  that  any  mean  has 
iJIj  but  little  positive  value. 

Fick'  by  means  of  calculations  based  partly  on  the  data  gained  by 
Berving  the  increase  of  the  volume  of  the  whole  arm  at  each  cardiac 
stole,  arrived  at  results  much  less  than  either  of  the  above.     In  one  case 

estimated  the  quantity  ejected  from  the  heart  at  each  beat  at  53  grm., 
d  in  a  second  case  at  77  grm. 

It  must  be  remembered  that  though  it  is  of  advantage  to  speak  of 
average  quantity  ejected  at  each  stroke,  it  is  more  than  probable 
^  that  quantity  may  vary  within  very  wide  limits.  Taking,  how- 
er,  180  grms.  as  the  quantity  ejected  at  each  stroke  at  a  pressure  of 
Omm.'  of  mercury,  which  is  equivalent  to  3*21  metres  of  blood, 
18  means  that  the  left  ventricle  is  capable  at  its  systole  of  lifting 
Ogrms.  3'21  m.  high,  %,e,  it  does  578  gram-metres  of  work  at  each 
8tt  Supposing  the  heart  to  beat  72  times  a  minute,  this  would  give 
'  the  day  s  work  of  the  left  ventricle,  nearly  60,000  kilogram-metres ; 
[culating  the  work  of  the  right  ventricle  at  one-fourth  that  of  the 
t,  the  work  of  the  whole  heart  would  amount  to  75,000  kilogram- 
^tres.  A  calculation  of  more  practical  value  is  the  following. 
Jting  the  quantity  of  blood  as  -j^  of  the  body  weight,  the  blood  of 
joaan  weighing  75  kilos  would  be  about  5,760  grms.  If  180  grms. 
t  the  ventride  at  each  beat,  a  quantity  equivalent  to  the  whole 
>od  would  pass  through  the  heart  in  32  beats,  %.e,  in  less  than  half 
^ainute. 

1  nnmodynamik,  p.  206. 

•  Unteriuch.  PhytioL  Lab.  ZilrieK  Hochxchule,  Hit.  i.  p.  61  (18G9). 

*  A  high  estimate  is  purposely  taken  here. 


*.p. 
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Variations  in  ihe  Hearts  beat. 

These  are  for  the  most  part  in  reality  vital  phenomena,  t.tf.broDght 
about  by  events  depending  on  changes  m  the  vital  properties  of  some 
or  other  of  the  tissues  of  the  body.  It  will  be  convenient,  however, 
briefly  to  review  them  here,  though  the  discussion  of  their  causation 
must  be  deferred  to  its  appropriate  place. 

The  frequency  of  the  heart,  i.e.  the  number  of  beats  in  any 
given  time,  may  vary.  The  average  rate  of  the  human  pulse  or 
healrt-beat  is  72  a  minute.  It  is  quicker  in  children  than  in  adalts, 
but  quickens  again  a  little  in  advanced  age.  It  is  quicker  in  tbe 
adult  female  than  in  the  adult  male,  in  persons  of  short  stature 
than  in  tall  people.  It  is  increased  by  exertion,  and  thus  is  quicker 
in  a  standing  than  in  a  sitting,  and  in  a  sitting  than  in  a  lying 
posture.  It  ia  quickened  by  meals,  and  while  varying  thus  from  time 
to  time  during  the  day,  is  on  the  whole  quicker  in  the  evening  than 
in  early  morning.  It  is  said  to  be  on  the  whole  quicker  in  summer 
than  in  winter.  Even  independently  of  muscular  exertion  it  seems 
to  be  quickened  by  great  altitudes.  Its  rate  is  profoundly  influenced 
by  mental  conditions. 

The  length  of  the  systole  may  vary,  though  as  a  general  aod 
broad  rule  it  may  be  stated  that  a  frequent  differs  from  an  infrequent 
pulse  chiefly  by  the  length  of  the  diastole. 

Bonders  found  the  length  of  the  systole  as  measured  by  the  interfsl 
between  the  first  and  second  sounds  to  be  for  ordinary  pulses  lemaricaUj 
constant  in  different  persons,  varying  not  more  than  from  '327  to  '301  sea, 
and  being  therefore  relatively  to  the  whole  cardiac  period  less  in  slow  than 
in  quick  pulses.  Crarrod^  deduces  from  a  number  of  sphygmograpliie 
tracings  the  law,  which  Thurston*  finds  to  hold  good  in  pulses  varying  from 
42  to  128,  that  the  length  of  interval  between  the  commencement  of  the 
primary  and  that  of  the  dicrotic  rise  in  the  curve  of  the  radial  pulse  (tod 
this  he  takes  as  a  measurement  of  the  cardiac  systole,  see  the  followiog 
section)  is  constant  in  different  individuals  for  the  same  pulse-rate,  tni 
varies  as  the  cube  root  of  the  pulse-rate;  but  other  observers  have  failed  to 
verify  his  results,  and  the  meaning  of  the  interval  in  the  pulse^surve  iB  nof^ 
free  from  doubt. 

The  force  of  the  beat  may  vary ;  the  ventricular  systole  may 
weak  or  stronsr: 


When  the  rate  of  beat  is  suddenly  increased  there  is  a  tendency  for 
individual  beats  to  be  diminished  in  force,  and  on  the  other  hand  to 
increased  in  force  when  the  rate  is  diminished.     But  there  is  no  n( 
connection  between  rate  and  strength;  both  a  frequent  and  an  infreqn^ 
pulse  may  be  either  weak  or  strong. 

The  character  of  the  beat  may  vary ;  the  systole  may  be  sudde^^ 
and  sharp,  rapidly  reaching  a  maximum  and  rapidly  decUning; 

^  Proe.  Roy.  Soc.,  Vol.  18,  p.  851.  *  Joum.  Anat.  and  Pkyt^^  z.  pi  i9l* 
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slow  and  lengthened,  reaching  its  maximum  only  after  some  time 
and  declining  very  gradually;  the  latter  being  the  slow  pulse  {pulsus 
tardus)  as  distinguished  from  the  infrequent  pulse  {pulsus  varus). 
The  pulse  is  also  sometimes  spoken  of  as  being  slapping,  and  some- 
times as  heaving. 

The  rhythm  may  be  intermittent  or  irregular.  Thus  in  an  inter- 
mittent pulse,  a  beat  may  be  so  to  speak  dropped — the  hiatus 
occurring  either  regularly  or  irregularly.  In  an  irregular  rhythm 
succeeding  beats  may  diner  in  length,  force  or  character. 


Sec.  3.    The  Pulse. 

When  the  finger  is  placed  on  an  artery,  such  as  the  radial,  an 

intermittent  pressure  on  the  finger,  coming  and  going  with  the  beat 

of  the  hearty  is  felt.  When  a  light  lever  such  as  that  of  the  sphygmo- 

ffraph  is  placed  on  the  artery,  the  lever  is  raised  at  each  beat,  falling 

between.    The  pressure  on  the  finger,  and  the  raising  of  the  lever, 

are  expr^sions  of  the  expansion  of  the  elastic  artery,  of  the  temporary 

additional  distension  which  the  artery  undergoes  at  each  systole  of 

the  ventricle.    This  intermittent  expansion  is  called  the  pulse;  it 

corresponds  exactly  to  the  intermittent  outflow  of  blood  from  a 

sever^  artery,  being  present  in  the  arteries  only,  and  in  a  normal 

-state  of  things,  absent  from  the  veins  and  capillaries.     (The  so-called 

venous  pulse,  which  is  something  entirely  different,  will  be  considered 

subsequently.)     The  expansion  is  frequently  visible  to  the  eye,  and 

in  some  cases,  as  where  an  artery  has  a  bend,  may  cause  a  certain 

amount  of  locomotion  of  the  vessel. 

AU  the  more  important  phenomena  of  the  pulse  may  be  wit- 
nessed on  an  artificial  scheme. 

If  two  levers  be  placed  on  the  arterial  tubes  of  an  artificial* 
scheme,  one  near  to  the  pump,  and  the  other  near  to  the  peripheral 
resistance,  with  a  considerable  length  of  tubing  between  them,  and 
both  levers  be  made  to  write  on  a  recording  surface,  one  immediately 
below  the  other,  so  that  their  curves  can  be  more  easily  compared, 
the  following  facts  may  be  observed,  when  the  pump  is  set  to  work 
regularly. 

1.  With  each  stroke  of  the  pump,each  lever  (Fig.  28, 1,  and  II.)  rises 
^o  a  maximum,  la,  2a,  and  then  falls  again,  thus  describing  a  curve, 

^the  pulse-curve.    This  shews  that  the  expansion  of  the  tubing  passes 

th^  pomt  on  which  the  lever  rests  in  the  form  of  a  wave.  At  one  mo- 
""^ent  the  lever  is  quiet :  the  tube  beneath  it  is  simply  distended  to  the 
formal  permanent  amount  indicative  of  the  mean  arterial  pressure;  at 
^■^«  next  moment  the  pulse  expansion  reaches  the  lever,  and  the  lever 

^^  ^  By  this  is  simply  meant  a  system  of  tubes,  along  which  fluid  can  bo  driven  by  a 
P^^^p  worked  at  regular  intervals.  In  the  course  of  the  tubes  a  (variable)  resiKtance  is 
^tYodueed  in  imitation  of  the  capillary  resistance.  The  tubes  on  the  proximal  side  of 
^^^  nsiktanoe  consequently  represent  arteries ;  those  on  the  distal  side,  veins. 
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begins  to  rise,  and  continues  to  do  so  until  the  top  of  the  wave 
reaches  it,  after  which  it  falls  again  until  it  is  once  more  at  rest,  the 
wave  having  completely  passed  by. 

The  rise  of  each  lever  is  somewhat  sudden,  but  the  fall  is  more 
gradual,  and  is  generally  marked  with  some  irregularities.  The 
suddenness  of  the  rise  is  due  to  the  suddenness  with  which  the 
sharp  stroke  of  the  pump  expands  the  tube;  the  fall  is  more 
gradual  because  the  elastic  reaction  of  the  walls,  whereby  the  tube 
returns  to  its  former  condition  after  the  expanding  power  of  the 
pump  has  ceased,  is  gradual  in  its  action. 

2.  The  size  and  form  of  each  curve  depends  in  part  on  the 
amount  of  pressure  exerted  by  the  levers  on  the  tube.  If  the  levers 
only  just  touch  the  tube  in  its  expanded  state,  the  rise  in  each  will 
be  insignificant.  If  on  the  other  hand  they  be  pressed  down  too 
firmly,  the  tube  beneath  will  not  be  able  to  expand  as  it  otherwise 
would,  and  the  rise  of  the  levers  will  be  proportionately  diminished. 
There  is  a  certain  pressure,  depending  on  the  expansive  power  of 
the  tubing,  at  which  the  tracings  are  best  marked. 

3.  If  the  points  of  the  two  levers  be  placed  exactly  one  under 
the  other  on  the  recording  surface,  it  is  obvious  that,  the  levers  beiog 
alike  except  for  their  position  on  the  tube,  any  difference  in  time 
between  the  movements  of  the  two  levers  will  be  shewn  by  an  ia- 
terval  between  the  beginnings  of  the  curves  they  describe,  if  the  re- 
cording surface  be  made  to  travel  suflBciently  rapidly. 

If  the  movements  of  the  two  levers  be  thus  compared,  it  will  be 
seen  that  the  far  lever  (Fig.  28,  II.)  commences  later  than  the  near 
one  (Fig.  28,  I.)  ;  the  farther  apart  the  two  levers  are,  the  greater  is 
the  interval  in  time  between  their  curves.  Compare  the  series  I.  to  VL 
(Fig.  28).  This  means  that  the  wave  of  expansion,  the  pulse-wavci 
takes  some  time  to  travel  along  the  tube.  By  exact  measurement 
it  would  similarly  be  found  that  the  rise  of  the  near  lever  b^an 
some  fraction  of  a  second  after  the  stroke  of  the  pump. 

This  travelling  of  the  expansion-wave,  or  pulse-wave,  must  be 
carefully  distinguished  from  the  propagation  of  the  shock  given  by 
the  stroke  of  the  pump.  When  a  long  glass  (or  other  rigid)  tube 
filled  w^ith  water  is  smartly  tapped  at  one  end,  the  blow  is  im- 
mediately felt  as  a  shock  at  the  other  end.  The  transmission  of  this 
shock,  if  carefully  measured,  would  be  found  to  be  exceedingly  rapid; 
compared  with  the  pulse-wave  now  under  consideration,  it  would 
be  practically  instantaneous.  When  fluid  is  driven  by  the  strokes 
of  a  pump  along  a  rigid  tube,  a  similar  shock,  travelling  eoaally 
rapidly,  may  be  readily  felt,  and  might  be  registered  with  a  le?er. 
When  however  the  tube  along  which  the  fluid  is  being  pumped  is 
elastic,  the  force  of  the  pump  is  so  much  taken  up  in  expanding  the 
tube,  that  the  shock  is  reduced  to  very  small  dimensions.  It  be- 
comes so  slight,  that  it  makes  no  impression  on  such  levers  as  are 
used  to  register  the  expansion-wave. 
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The  velocity  with  which  the  pulse-wave  travels  depends  chiefly 
OD  the  amount  of  rigidity  possessed  by  the  tubing.  The  more 
ezteosible  (with  coireaponding  elastic  reaction)  the  tube,  the  slower 
is  the  wave ;  the  more  rigid  the  tube  becomes,  the  faster  the  wave 
Uavela.  According  to  Donders  the  size  of  the  tube  has  no  marked 
—n  According  to  Marey  the  initial  velocity,  the  steepness  of 
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F(o.  3fL  PoUe-oarTM  desoribed  by  e>  aenea  of  Bphygmofti^pliie  levera  placed  at  in- 
terrali  ol  30  em.  ttoin  each  other  along  aa  elastio  tabe  into  which  finid  is  forced  V  *^^ 
radilMl  str<^  of  ■  pmnp.  Tha  pnlBe-wave  in  travelling  from  left  to  right,  aa  indicated 
bf  the  arrowa  ot<t  the  priniMy  (a)  and  secondary  (b.  e)  pulae^waTee.  The  dotted  vertical 
luwa  diBwn  from  the  aomtnit  of  the  sevsral  primary  «avea  to  the  tnning-forlc  cnrve  below, 
each  eompktB  vibratian  of  which  occapies  ^  sec.,  allow  Uie  time  to  be  meaanred,  which 
ia  lakan  up  by  the  wave  in  paiaing  along  20  cm.  of  the  tnbing.  The  wa'cs  a'  are 
waT0a  Ttfiittti  from  the  ctoaed  distal  end  of  the  tubing;  this  is  indicated  by  the 
direction  of  Um  arrows.  It  will  be  obieired  that  in  the  more  distant  lever  VI.  the 
reflected  wave,  taavinR  bnt  •  alight  dutanoe  to  travel,  becomes  ftised  with  the  primary 
wkve.    (From  Han^.] 
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the  wave,  has  an  influence  on  its  rate  of  progress.  In  the  human 
body  the  wave  has  been  estimated  to  travel  at  a  rate  of  9  to  10 
metres  (Weber  9*240 ;  Garrod  9 — 10*8,  or  according  to  Landois  5  to 
6  metres)  a  second.  It  probably  varies  very  considerably.  According 
to  all  observers  the  velocity  of  the  wave  in  passing  from  the  groin  to 
the  foot  is  greater  than  that  in  passing  from  the  axilla  to  the  wrist 
(6743  mm.  against  5772).  This  is  probably  due  to  the  fact  that  the 
femoral  artery  with  its  branches  is  more  rigid  than  the  axillary. 

Since  with  increase  of  mean  tension,  the  arteries  become  more  and 
more  rigid,  it  would  be  expected  that  the  velocity  would  increase  with  the 
mean  tension.     According  to  Weber  it  does  not 

4.  When  two  curves  taken  at  diflferent  distances  from  the  pump 
are  compared  with  each  other,  the  far  curve  will  be  found  to  be 
shallower,  with  a  less  sudden  rise,  and  with  a  more  rounded  summit 
than  the  near  curve :  compare  5  a  with  1  a,  Fig.  28.  In  other  words, 
the  pulse-wave  as  it  travels  onward  becomes  diminished  and  flattened 
out.  If  a  series  of  levers,  otherwise  alike,  were  placed  at  intervals 
on  a  piece  of  tubing  sufficiently  long  to  convert  the  intermittent 
stream  into  a  continuous  flow^  the  pulse-wave  might  be  observed 
to  gradually  flatten  out  and  grow  less  until  it  ceased  to  be  visible. 

Care  must  be  taken  not  to  confound  the  progression  of  the  pulse- 
wave  with  the  progression  of  the  fluid  itself.  The  pulse-wave 
travels  over  the  moving  blood  somewhat  as  a  rapidly  moving  natu- 
ral wave  travels  along  a  sluggishly  flowing  river,  the  velocity  of 
the  pulse-wave  being  9  metres  per  sea,  while  that  of  the  current 
of  blood  is  not  more  than  '5  metre  per  sec.  even  in  the  large 
arteries,  and  diminishes  rapidly  in  the  smaller  ones. 

Taking  the  duration  of  the  systole  of  the  ventricle  as  ^'^  of  a 
second,  it  is  evident  that  the  pulse-wave  started  by  any  one  systole, 
if  it  travels  at  9  m.  per  sec,  will  before  the  end  of  the  systole  have 
reached  a  point,  -j^  of  9  m.  =  3*6  m.  distant  from  the  ventricle.  In 
other  words,  the  wave-length  of  the  pulse-wave  is  much  longer  than 
the  whole  of  the  arterial  system,  so  that  the  beginning  of  each  wave 
has  become  lost  in  the  small  arteries  and  capillaries  some  time  before 
the  end  of  it  has  finally  left  the  ventricle. 

The  general  causation  of  the  pulse  may  then  be  summed  up  some- 
what as  follows.  The  systole  of  the  ventricle  drives  a  quantity  of  fluid 
into  the  already  full  aorta.  The  portion  of  the  aorta  next  to  the  heart 
expands  to  receive  it,  thus  giving  rise  to  the  sudden  upstroke  of  the 
pulse-curve.  The  systole  over,  the  aortic  walls,  by  virtue  of  their 
elasticity,  tend  to  return  to  their  former  calibre,  and  the  aortic  valves 
being  closed,  this  elastic  force  is  spent  in  driving  the  blood  onward 
The  elastic  recoil  being  slower  than  the  initial  expansion,  the  down- 
stroke  of  the  pulse-curve  is  more  gradual  than  the  upstroke.  Of  this 
portion  of  the  aorta,  which  actually  receives  the  blood  ejected  from  the 
heart,  the  part  immediately  adjacent  to  the  semilunar  valves  begins 
to  expand  first,  and  the  expansion  travels  thence  on  to  the  end  of 


Cbap.  iv.] 


THB  VASCULAR  MECHAlSflSM. 


135 


Fxo.  39.  H. 


Pig.  29.  &. 


,y\ 


•    Sfhtoxooiuph  TiuoDfo  iBoic   THS   ABosMDiNa   AoBXA  (Aneorismal  dilatation). 

Amplified  40  times. 

In  this  and  the  sneoeeding  pnlse-ourves,  B  indieatea  the  prediorotio  waye,  C  the 

dicrotic  waye^. 

N.B.  These  cnryes  are  introduced  to  shew  the  genetal  feattureg  of  the  polse-onrye 
in  rarioas  arteries.  Not  being  on  the  same  scale  or  taken  under  the  same  oircum- 
■tanoes,  they  are  net  intended  for  careful  comparison. 

h.    Fbox  ciBOTiD  ABTXBT  OY  ▲  EiXLTHY  MAN  (8Bt.  26),  amplified  80  times. 


Fio.  29.  r. 


FiQ.  29.  d. 


c    Fbom  the  babul  abtibt  OF  THE  SAXB  PERSON  AS  29.  b.    PressuTC  4  oz.    Ampli- 
fied 90  times,  as  are  also  the  succeeding  cuires. 

(Where  not  otherwise  indicated  this  is  the  amplification  of  all  the  pulse-curyes.) 

tL    Fbom  eadial  abtebt  of  a  healthy  xae  less  athletic  thae  29.  c.    Pressure  8  oz. 

Fio.  29.  ^. 


e.    Fbom  the  dobsalxs  pedis  of  the  same  pebsoe  as  h,  and  c.    Pressure  3  oz. 


Fio.  29.  f. 


Fio.  29.  g. 


/.    Teacxeo  of  pulse  fully  niCBOTio:   pbedicbotio  waye  also  shewx.    Pressure 

8  oz.    (?  Typhoid  Fever.) 

0,    Pulse  fully  dicbotic,  axb  dicbotio  ways  ybby  laboe.    Pressure  1  oz.    (Typhoid 

Feyer.) 


1  For  this  and  tha  saooeeding  pulse-ouzres  I  am  indebted  to  the  great  kindness  9i 
J)r  OaUbin. 
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Fio.  29.  K 


Via  29.  ft. 


h.    Pulse  with  tibt  labge  pbemcbotig  watb.     Fzessuze  4  oz.     (Aeote  Alb^' 

minuria.) 

h,    Htpebdicbotio  pulse,  the  dicbotio  wave  BEComEa  lost  oh  the  suocnDt^* 
BEAT.    I^esBiire  \  02.    After  hemorrhage  in  ^hoid  f ertr. 

this  portion.    In  the  same  way  it  trarels  on  firom  this  portiox^ 
through  all  the  succeeding  portions  of  the  arterial  system.    Fo^ 
the  total  expansion  required  to  make  room  for  the  new  quantily  o^ 
blood  cannot  be  provided  by  that  portion  alone  of  the  aorta  inU> 
which  the  blood  is  actually  received ;  it  is  supplied  by  the  whole  arte^ 
rial  system ;  the  old  quantity  of  blood  whicn  is  replaced  by  the  nei^ 
in  this  portion  has  to  find  room  for  itself  in  the  rest  of  the  arteriaX 
space.    As  the  expansion  travels  onward,  however,  the  increcM  of 
pressure  which  each  portion  transmits  to  the  succeeding  portion  wiH 
be  less  than  that  which  it  received  from  the  preceding  portion,  forth^ 
whole  increase  of  pressure  due  to  the  systole  of  the  ventricle  has  \x^ 
be  distributed  over  the  whole  of  the  arterial  system,  and  a  fraction  oE" 
it  must  therefore  be  left  behind  at  each  stage  of  its  progress ;  that  iis 
to  say,  the  expansion  is  continually  growing  less,  as  the  pulse  travels 
from  the  heart  to  the  capillaries;  hence  the  diminished  height  of  thc^ 
pulse-curve  in  the  more  distant  arteries,  and  its  disappearance  vH  th^ 
capillaries. 

Secondary  Waves.  In  the  natural  pulse-curve  the  fundamentaL 
wave  is  seen  to  be  marked  by  two  or  more  secondary  waves  imposei- 
upon  it.  These  secondary  waves  vary  much  according  to  circum^ 
stances,  and  are  consequently  of  interest,  as  throwing  light  on  th^ 
condition  of  the  vascular  system. 

In  an  artificial  scheme,  two  kinds  of  secondary  waves  are  seea 

1.  Waves  of  oscillation.  When  a  moderate  quantity  of  fluid  i^ 
injected  into  the  tube  at  each  stroke,  one,  two,  or  more  secondai^ 
waves  are  seen  to  follow  the  primary  one.  They  are  the  more  marked^ 
the  more  sudden  the  stroke,  the  more  extensible  (and  elastic)  tb^ 
tubing,  and  the  less  the  pressure  in  it.  When  the  pump  is  a  pumE> 
without  valves,  they  form  a  regular  decreasing  series,  succeeding  the* 

frimary  wave,  and  travelling  at  the  same  velocity  as  it  (Fig.  28, 1.  IL^ 
II.  6,  c),  but  becoming  sooner  obliterated. 

These  waves  are  due  to  the  inertia  of  the  elastic  walls,  and  of  th^ 
contained  fluid,  and  so  correspond  to  the  secondary  oscillations  of  th 
mercury  in  a  manometer.    If  the  tube  be  filled  with  air  instead  ^ 
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T,  they  are  almost  entirely  absent    If  mercury  be  employed 
»d  of  water,  they  become  very  conspicuous, 
t^en  the  quantity  of  fluid  injected  is  large  compared  with  the 
ire  of  the  tubing,  the  secondary  waves  may  be  seen  on  the 
ending  line  of  the  primary  wave. 

\.  Beflected  waves.  When  the  tube  of  the  artificial  scheme 
ing  two  levers  is  blocked  just  beyond  the  far  lever,  the  primary 
3  is  seen  to  be  accompanied  by  a  second  wave,  which  at  the  far 
r  is  seen  close  to,  and  often  fused  into,  the  primary  wave  (Fig.  28, 
a'),  but  at  the  near  lever  is  at  some  distance  from  it  (Fig.  28, 1. 
bein^  the  farther  from  it,  the  longer  the  interval  between  the 
r  and  the  block  in  the  tube.  This  second  wave  is  evidently  the 
laiy  wave  reflected  at  the  block  and  travelling  backwards  towards 
pump.  It  thus  of  course  passes  the  far  lever  before  the  near  one. 
secondary  waves  of  oscillation  may  be  similarly  reflected. 

)f  the  secondary  waves  on  the  natural  pulse-curve,  two  deserve 
ial  notice. 

rhe  first  and  most  important  is  the  dicrotic  wave  occurring 
jrds  the  end  of  the  descent.  This  is  always  more  or  less  marked 
rery  pulse ;  it  may  be  witnessed  in  the  aorta  as  well  as  in  other 
ies  (Fig.  29,  a  to  e,  C).  Sometimes  it  is  so  slight  as  to  be  hardly 
imible.  Sometimes  it  is  so  marked  as  to  give  rise  to  the  ap- 
ance  of  a  double  pulse,  hence  the  name  (Fig.  29,  /,  g,  C). 

t  is  more  pointed  in  the  aorta,  and  in  the  larger  arteries  near  to  the 
;,  than  in  the  more  distant  and  smaller  ones ;  its  summit  indeed 
is  off  more  rapidly  than  does  that  of  the  primary  one.  AccordiDg  to 
9d  the  interval  between  the  primary  and  dicrotic  rises  of  the  pulse- 
)  is  the  same,  for  any  given  pulse-rate,  in  the  radial,  carotid  and 
nor  tibial  arteries,  and  is  therefora  probably  the  same  in  all  arteries, 
would  shew  that  the  primary  and  secondary  waves  travel  at  the  same 
but  Landois  and  othera  state  that  the  interval  is  longer  in  the  more 
at  arteries. 

lie  conditions  which  favour  the  development  of  the  dicrotic 
J  are  chiefly : — (1)  A  sudden  sharp  ventricular  systole.  (2)  Low 
on.  Hence  dicrotism,  not  previously  well  marked,  may  be 
ght  on  at  once  by  diminution  of  the  peripheral  resistance  by 
on  of  the  vaso-motor  nerves  (see  Sec.  5).  (3)  Extensibility  (with 
ic  reaction)  of  the  arterial  walls.  Hence  dicrotism  is  not  well 
in  arteries  rigid  from  disease.  It  may  be  well  marked  in  one 
y  and  yet  very  slight  in  another. 

IJan  we  explain  the  dicrotic  wave  by  shewing  that  it  is  either  a 
)  of  oscillation,  or  a  reflected  wave  ?  That  the  dicrotic  wave  is 
)ne  reflected  from  the  periphery  is  clearly  shewn  by  the  fact  that 
istance  from  the  summit  of  the  primary  curve  is  either  greater 
b  least  is  not  regularly  less  at  points  of  the  arteries  nearer  tho 
ilaries  than  at  points  farther  from  them.     This  feature  indeed 


138  TES  PULtiM.  [1 

shews  that  the  dicrotic  wave  cannot  be  in  any  way  a  retrogiade  irav 
Again,  the  more  the  primary  wave  is  obliterated  by  the  elastic  actic 
of  the  arterial  walls,  the  less  should  be  the  reflected  wave.  Hen 
dicrotism  should  diminish  with  increased  extensibility  and  elul 
reaction  of  the  walls.  The  reverse  is  the  case.  Besides,  the  mtdl 
tudinous  peripheral  division  of  the  arterial  system  would  render  oi 
large  peripherally  reflected  wave  impossible. 

On  the  other  hand,  all  the  conditions  which  favour  dicrotism,  al 
favour  the  occurrence  of  waves  of  oscillation.  If  Fig.  28  L  be  ooi 
pared  with  Fig.  29  c,  the  similarity  between  the  wave  of  osdllatioi) 
in  the  one  case  and  the  dicrotic  wave  C  in  the  other  is  veiy  strikil] 
And  we  shall  probably  not  go  far  wrong  if  we  regard  the  dicrol 
wave  as  in  the  main  a  wave  of  oscillation.  There  is  however  eviden 
that  it  is  not  a  simple  wave  of  oscillation  but  one  of  mixed  characli 
the  movement  of  oscillation  being  reinforced  by  a  wave  of  expaiifli 
arising  from  the  closure  of  the  aortic  valves. 

It  has  been  questioned  whether  waves  of  oscillation,  so  manifest  in 
artificial  scheme,  do  occur  to  any  extent  in  the  arteries  of  the  body,  v 
rounded  as  these  are  by  tissues  which  it  is  argued  must  tend  to  aoi 
dampers  towards  any  oscillations  due  to  inertia.  But  there  is  no  posifti 
evidence  of  the  existence  of  any  such  marked  damping  action,  and  1 
remarkable  similarity  between  the  tracings  obtained  by  means  of  eiqw 
tubes  and  those  given  by  arteries  in  situ  is  sufficient  evidence  that  in  t 
respect  the  two  behave  alike. 

That  however  the  dicrotic  wave  is  not  simply  due  to  the  inertia  of  1 
vessels  but  mixed  in  character,  is  shewn  by  its  peculiar  features.  In  sim; 
waves  of  oscillation,  such  as  those  shewn  in  Fig.  28  I.  the  first  wave 
oscillation  is  the  largest,  the  succeeding  ones  diminishing  in  size.  Now  i 
dicrotic  wave,  though  undoubtedly  the  most  prominent  and  in  many  ci 
the  only  observable  secondary  wave,  is  not  the  first  secondary  wave.  It 
frequently  preceded  by  the  so-called  *  predicrotic '  wave,  which,  sometifl 
(Fig.  29  h)  of  considerable  size,  is  probably  also  a  wave  of  oscillation, 
both  these  are  waves  of  oscillation,  there  must  be  causes  at  work  tenA 
to  diminish  the  first  (predicrotic)  or  to  exaggerate  the  second  (dicroii 
And  there  is  an  event  which  readily  suggests  i^elf  as  likely  to  reinforce  \ 
later  occurring  wave  of  oscillation,  viz.  the  closure  of  the  aortic  val^ 
At  the  close  of  the  ventricular  systole  the  pressure  in  the  aorta  becoo 
higher  than  that  in  the  ventricle  itself,  and  the  blood  in  consequence  ta 
to  flow  back  towards  the  ventricle.  Thus  the  pressure  in  the  aorta  hati 
reached  its  maximum  begins  to  fall  by  reason  of  the  backward  as  well  ti 
the  forward  flow  of  the  blood.  But  the  closure  of  the  semilunar  vali 
gives  a  check  to  this  fall.  A  new  wave  of  expansion  starting  from  1 
valves  is  propagated  along  the  adta  and  great  arteries  in  sequence  to  1 
main  primary  wave.  If  we  suppose  this  wave,  due  to  the  closure  of  < 
aortic  valves,  to  coincide  with  a  wave  of  oscillation,  the  prominence  of  < 
latter  as  the  dicrotic  wave  becomes  intelligible.  Tliis  view  is  supported 
the  fact  that  insufficiency  in  the  working  of  the  semilimar  valves,  the  i 
called  aortic  regurgitation,  materially  interferes  with  the  development  of* 
dicrotic  wave.     That  the  wave  in  question  should  wholly  disappear  unc 
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these  curcamstances,  is  not  to  be  expected,  seeing  on  the  one  band  tbat  it  is 
jNutly  a  wave  of  oscillation,  and  on  the  other  that  the  valves  need  not  be 
perfectly  closed  in  order  that  a  secondary  wave  of  expansion  may  be  started 
at  the  end  of  the  systola  Such  a  wave  would  be  originated  by  any  obstacle 
to  the  return  of  blood  into  the  ventricle,  and  such  an  obstacle  must  exist  with 
even  the  most  imperfect  valves,  or  otherwise  the  circulation  would  soon 
ooine  to  an  end.  Crarrod^,  arranging  a  cardiograph  registering  the  cardiac 
impiilse  and  a  sphygmograph  registering  the  radial  pulse  in  such  a  way 
that;  they  both  wrote  on  the  same  recording  surface,  came  to  the  conclusion 
that  the  commencement  of  the  dicrotic  rise  in  the  latter  corresponded  to 
the  point  in  the  former  which  has  been  interpreted  (Fig.  22,  e")  as  in- 
dicating the  closure  of  the  aortic  valves.  This  is  of  course  in  favour  of 
the  view  given  above. 

IDr  Burdon  Sandei'son  however  denies  that  the  aortic  valves  act  as 
•hove  explained  in  producing  the  dicrotic  wave,  basing  his  opinion  on  the 
giounds :  1st,  That  not  only  may  the  dicrotic  wave  be  produced,  but  that  a 
tncing  presenting  all  the  graphical  characters  of  the  radial  pulse  tracing 
nay  be  obtained,  on  an  artificial  scheme  in  the  absence  of  any  valves  cor- 
VBBponding  to  the  aortic  valves ;  2nd,  That  the  form  of  a  tracing  taken  at 
•oy  point  of  an  artificial  scheme  may  be  modified  at  pleasure,  and  any 
Qttv&ral  pulse  tracing  imitated  by  introducing  changes  into  the  distal  portion 
of  tJie  scheme  while  the  portion  corresponding  to  the  heart  remains  abso- 
*^^  J  the  same.  The  view  he  takes  is  somewhat  as  follows.  If  ^  be  a 
P^i^t  in  the  arterial  system  and  B  a  more  distal  point,  the  maximum  expan- 
^^^  ^f  B  will  take  place  somewhat  later  than  the  maximum  expansion  of 
^  I  '^hen  ^  is  at  its  maximum  of  expansion,  A  will  be  already  declining. 
^  t;lie  elastic  reaction  of  B  sets  in  it  exerts  a  pressure  not  only  forwards 
^\  backwards,  so  that  the  decline  of  expansion  in  B  may  be  regarded  as 
P^^^'^^g  rise  to  a  wave  of  expansion  travelling  forwards,  and  to  a  wave  of 
'^P^-nsion  travelling  backwards,  the  latter  reaching  A  during  the  decline  of 
*P«^Jision  at  that  point,  and  therefore  giving  rise  in  ^  to  a  secondary 
^P^^iaion.  Thb  secondary  expansion  due  to  the  action  of  the  artery  at 
■*•  single  point  i?  is  of  course  small ;  but  what  is  true  of  B  is  also  true  of 
J*  "^fce  points  distal  to  A,  Consequently  the  artery  at  the  point  A  is,  during 
^^  decline  of  its  primary  expansion,  subject  to  a  secondary  expansion 
^'^^^  by  the  elastic  reaction  of  all  the  arteries  in  front  of,  i.e.  more  distal 
^•^^,  itselfl  The  dicrotic  wave  at  any  given  point  is  in  fact  a  secondary 
■^I^^-nsion  brought  about  by  the  combined  elastic  reaction  of  the  more  distal 
'^'^ious  of  the  system. 

TThe  other  secondary  wave  worthy  of  notice,  the  so-called  predi- 
^^ic  wave,  Fig.  29,  A,  B,  is  much  more  variable  than  the  dicrotic. 
^*   ^node  of  origin  is  obscure,  but  it  is  probably  a  wave  of  oscillation. 

Sometimes,  though  rarely,  the  dicrotic  wave  is  followed  by  still  another 
"^"^^  which  seems  to  be  simply  a  wave  of  oscillation.  The  pulse  is  then 
^^  to  be  *  tricrotic.' 

In  some  instances  the  predicrotic  wave  appears  to  be  broken  into  two, 

^^^    it  becomes  often  very  difficult  to  distinguish  those  secondary  waves  of 

^  piUsenrurve  which  are  really  due  to  events  taking  place  in  the  artery 

*  Proe,  Roy,  Soe,  xix.  p.  818. 
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from  those  wbicli  have  their  origin  (through  inertia  in  the  qniog,  hx) 
in  the  instrument  itself  \  It  is  worthy  of  notice  that  the  summit  of  the 
curve  of  intra-ventricular  pressure,  Fig.  25,  LY,  is  also  marked  by  <me  or 
more  secondary  waves,  bearing  a  considerable  resemblance  to  the  predicro- 
tic  wave.  In  the  curves  obtained  by  Landois',  by  allowing  the  blood  from 
the  end  of  a  di\ided  artery  to  spurt  out  on  to  a  recording  sor&ce,  there  ia 
no  trace  of  a  predicrotic  wave  though  the  dicrotic  wave  is  exceedingly  well 
marked. 

The  pulse  then  is  the  expression  of  two  sets  of  conditions:  one 
pertaining  to  the  heart,  and  the  other  to  the  arterial  system.    The 
arterial  conditions  remaining  the  same,  the  characters  of  the  pulse 
may  be  modified  by  changes  taking  place  in  the  beat  of  the  heart ; 
and  again,  the  beat  of  the  heart  remaining  the  same,  the  pulse  may 
be  modified  by  changes  taking  place  in  the  arterial  walls.    Hence 
the  diagnostic  value  of  the  pulse-characters.     It  must  however  be 
remembered  that  arterial  changes  may  be  accompanied  by  com* 
pensating  cardiac  changes,  to  such  an  extent,  that  the  same  features 
of  the  pulse  may  obtain  under  totally  diverse  conditions,  provided 
that  these  conditions  affect  both  factors  in  compensating  directions. 


II.    The  Vital  Phenomena  of  the  Circulation. 

So  far  the  facts  with  which  we  have  had  to  deal,  with  the  cr- 
ception  of  the  heart's  beat  itself,  have  been  simply  physical  facts.  Al 
the  essential  phenomena  which  we  have  studied  may  be  reproduc 
on  a  dead  model.     Such  an  unvarying  mechanical  vascular  systen^^l 
would  however  be  useless  to  a  living  body  whose  actions  were  at 
complicated.     The  prominent  feature  of  a  living  mechanism  is  the 
power  of  adapting  itself  to  changes  in  its  internal  and  external  circum- 
stances.   In  such  a  system  as  we  have  sketched  above  there  would 
but  scanty  power  of  adaptation.  The  well-constructed  machine  xdl\ 
work  with  beautiful  regularity ;  but  its  regularity  would  be  its  d< 
struction.      The  same  quantity  of  blood  would  always  flow  in  th« 
same  steady  stream  through  each  and  every  tissue  and  organ,  ii 
spective  of  local  and  general  wants.     The  brain  and  the  stomach——-^* 
whether  at  work  and  needing  much,  or  at  rest  and  needing  little     ^ 
would  receive   their  ration   of    blood,   allotted    with   a    pernicious 
monotony.     Just  the  same  amount  of  blood  would  pass  through  thi 

skin  on  the  hottest  as  on  the  coldest  day.    The  canon  of  the  life  o^ j 

every  part  of  the  whole  period  of  its  existence  would  be  fumishec:^ 
by  the  inborn  diameter  of  its  blood-vessels,  and  by  the  unvj  ^  ""^ 
motive  power  of  the  heart. 

Such   a  rigid   system  however   does  not  exist  in  actual  livin: 
beings.     The  vascular  mechanism  in  all  animals  which  possess  oa 

>  Compare  Dr  Galabin,  Journ.  of  Anat,  and  Phys,  Vol.  vin.  p.  1,  also  VoL  J.  p. 
«  Pfluger'a  Archiv,  ix.  (187:1)  71. 
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pable  of  local  and  general  modifications,  adapting  it  to  local 
reneral  changes  of  circumstances.  These  modifications  fall  into 
;reat  classes: 

.  Changes  in  the  heart's  beat  These,  being  central,  have  of 
e  a  general  effect. 

.  Changes  in  the  peripheral  resistance,  due  to  variations  in  the 
re  of  the  minute  arteries,  brought  about  by  the  agency  of  their 
actile  muscular  coats.  These  changes  may  be  either  local  or 
raL 

b  these  may  be  added  as  subsidiary  modifying  events : 

Changes  in  the  peripheral  resistance  of  the  capillaries  due  to 
mces  arising  out  of  the  as  yet  obscure  relations  existing  between 
lood  within  and  the  tissue  without  the  thin  permeable  capillary 
,  and  depending  on  the  vital  conditions  of  the  one  or  of  the 
.  Such  changes  causing  an  increase  of  peripheral  resistance  are 
to  a  marked  degree  in  inflammation. 

.    Changes  in  the  quantity  of  blood  in  circulation. 

he  two  first  and  chief  classes  of  events  (and  probably  the  third) 
lirectly  under  the  dominion  of  the  nervous  system.  It  is  by 
18  of  the  nervous  system  that  the  heart's  beat  and  the  calibre  of 
ninute  arteries  are  brought  into  relation  with  each  other,  said 

almost  every  part  of  the  body.  It  is  by  means  of  the  nervous 
m  acting  either  on  the  heart,  or  on  the  small  arteries,  or  on  both, 
a  change  of  circumstances  affecting  either  the  whole  or  a  part  of 
Kxly  is  met  by  compensating  or  regulative  changes  in  the  flow  of 
I.    It  is  by  means  of  the  nervous  system  that  an  organ  has  a 

full  supply  of  blood  when  at  work  than  when  at  rest,  that  the 
m  of  blood  through  the  skin  rises  and  ebbs  with  the  rise  and 
i  the  temperature  of  the  air,  that  the  work  of  the  heart  is  tem- 
1  to  meet  the  strain  of  overfull  arteries,  and  that  the  arterial 
I  open  and  shut  as  the  force  of  the  central  pump  waxes  and 
is.  Each  of  these  vital  factors  of  the  circulation  must  therefore 
)asidered  in  connection  with  those  parts  of  the  nervous  system 
h  are  concerned  in  their  action. 


Sec.  4.    Changes  in  the  Beat  of  the  Heart. 

Ve  have  already  discussed  the  more  purely  mechanical  pheno- 
i  of  the  heart  We  have  therefore  in  the  present  section  only  to 
ire  into  the  nature  and  working  of  the  mechanism  by  which  the 
of  the  heart  is  maintained,  varied,  and  regulated, 
t'^hen  a  frog's  ventricle  which  has  ceased  to  beat  spontaneously 
mulated  by  touching  it  with  a  blunt  needle,  a  beat  is  frequently 
1  forth ;  this  artificial  beat  differs  in  no  obvious  characters  from 
tural  beat    The  latent  period  of  such  an  artificial  beat  i&  i^ 
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markably  long,  the  length  varying  within  very  wide  limit 
the  cardiac  contraction  is  more  like  that  of  an  unstriated  t 
striated  muscle.  The  beat  is  in  fact  a  modified  or  peculiai 
peristaltic  contraction.  In  the  hearts  of  some  animals,  the 
forms  a  straight  tube ;  and  in  these  the  peristaltic  charact 
beat  is  obvious;  but  in  a  twisted  tube  like  that  of  the  v 
ventricle,  ordinary  peristalsis  would  be  impotent  to  drive  i 
onward,  and  is  accordingly  so  far  modified  that  the  peristalti 
ter  of  the  beat  is  recognised  only  when  the  action  of  the  1 
comes  slow  smd  feeble. 

One  great  feature  of  the  cardiac  beat  produced  by  artificial  si 
is  seen  in  the  absence  of  any  relation^ship  between  the  strong 
stimulus  employed  to  produce  a  beat  and  the  amount  of  contractic 
The  beat  with  which  a  heart  responds  to  a  stimulus,  e.g.  a  single 
shock,  is,  if  there  be  any  response  at  all,  equally  large  when  a 
when  9i  strong  stimulus  is  used,  though  the  strength  of  the  be 
either  by  a  strong  or  a  weak  stimulus  may  vary  very  oonsideral 
even  a  very  short  period  of  time. 

When  a  second  induction  shock  is  sent  in  at  a  certain  inte 
a  firsts  the  beat  due  to  the  second  shock  is  often  larger  than  tb 
beneficial  effects  of  a  contraction  (see  p.  77)  being  even  still  mon 
in  the  heart  than  in  an  ordinary  skeletal  muscle.  Frequently  by 
shocks  of  equal  intensity  a  < staircase'  of  beats  of  successively 
amplitude  may  be  produced. 

When  a  second  induction  shock  follows  upon  the  first  too  ] 
is  apparently  without  efiect;  no  second  beat  is  produced.  So 
a  series  of  rapidly  repeated  induction  shocks  are  sent  in,  a  certai 
of  them  are  thus  'ineffectual  /  the  application  of  the  ordinary  ii 
current  gives  rise  not  to  a  tetanus  but  to  a  rhythmic  series  of  be 
*  refractory  period,'  which  is  so  brief  in  the  skeletal  muscle  (see 
very  prolonged  in  the  cardiac  muscle.  So  also  in  a  spontaneous 
heart,  induction  shocks  sent  in  at  a  certain  phase  of  a  cardiac  cycl 
commencement  of  the  systole,  are  ineffectual,  though  they  prodi 
beats  when  sent  in  at  the  other  phases  of  the  cycle*. 

Nervous  mechanism  of  the  Beat.    The  beat  of  the  he 

automatic  action;  the  muscular  contractions  which  constitute 
are  caused  by  impulses  which  arige  spontaneously  in  the  he 
This  cannot  be  proved  in  the  case  of  the  warm-blooded  ve: 
for  the  hearts  of  these  cease  to  beat  very  soon  after  removal 
body ;  but  there  is  no  reason  whatever  against,  and  every  n 
thinking  that  the  heart  of  a  mammal  or  of  a  bird  is  in  i 
mental  working  exactly  like  that  of  a  frog  or  of  a  turtle, 
therefore  take  for  granted  that  the  principal  laws  of  the  hea 
which  are  shewn  by  the  frog's  heart,  also  hold  good  for 
higher  animals. 

The  heart  of  a  frog  (or  of  a  turtle  or  fish,  &c.)  will 

1  Gf.  Bowditch,  Ladwig*8  ArheiUn^  1871;  and  Marey,  Travaxix  du  1 

(1876),  p.  es. 
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to  beat  for  hours,  or  under  favourable  circumstances  for  days,  after 

lemoval  from  the  body.    The  beat  goes  on  even^fter  the  cavities 

liave  been  cleared  of  blood,  and  indeed  when  they  are  almost  empty 

4f  all  fluid.    The  beats  are  more  vigorous,  and  last  longer,  when  the 

i»art  is  removed  by  incisions  which  leave  the  sinus  venosus  still 

V  attached  to  the  auricles.    The  excised  heart  does  however,  though 

■'  aot  80  readily,  continue  to  beat  spontaneously  when  removed  by  an 

incision  carried  through  the  auricles  so  that  a  portion  of  the  auricles 

toother  with  the  sinus  venosus  is  left  behind  in  the  body.     In 

this  case  the  parts  left  behind  are  seen  also  to  go  on  beating  by 

-themselves. 

If  in  an  excised  heart  the  ventricle  be  divided  from  the  auricles, 
both  ventricle  and  auricle  will  go  on  beating.  Each  moiety  has  then 
an  independent  rhythm.  If  the  spontaneously-beating  auricle  be 
bisected  longitudinally,  each  lateral  half  will  go  on  beating  spon- 
taneously. Each  lateral  half  may  be  still  further  divided,  and  yet  the 
pieces  will  under  favourable  circumstances  go  on  pulsating.  The 
▼entricle  will  go  on  beating  when  bisected  longitudinally;  but  if  it  be 
<At  across  transversely,  the  lower  half  remains  motionless,  while  the 
dipper  goes  on  pulsating.  The  power  of  spontaneous  pulsation  is 
™uted  to  the  extreme  base,  for  if  the  transverse  incision  be  carried 
^y  at  a  little  distance  from  the  auriculo-ventricular  groove  all  power 
of  spontaneous  pulsation  is  lost  in  the  lower  part.   When  these  several 

Kts  of  the  heart  are  examined,  it  is  found  that  in  all  of  those  which 
t  spontaneously  ganglia  are  present,  while  from  the  ventricle 
^^cept  at  the  extreme  base  ganglia  are  absent.  There  are  ganglia  in 
*®^  sinus,  ganglia  in  the  auricular  septum  and  walls,  ganglia  in  the 
^Hculo-ventricular  groove,  but  none  have  been  found  in  the  mass 
k  ^^®  ventricle  itself.  From  these  facts  the  conclusion  is  drawn  that 
'i^  spontaneous  pulsations  in  the  heart  are  in  some  way  associated 
^^%  and  due  to  the  action  of,  the  ganglia  scattered  in  its  substance. 
^  'these  ganglia  those  in  the  sinus  seem  more  potent  than  those 
^  other  parts  of  the  heart. 

^Ilie  exact  manner  in  which  these  ganglia  act  is  still  obscnre.  Though 
^  X^'^io^  comprising  the  lower  two-thirds  of  the  ventricle  remains  after 
*^Tation  from  the  basal  third  permanently  quiescent,  it  may  be  thrown  into 
^"^-limic  contractions,  indistinguishable  in  their  character  from  normal  beats, 

^he  application  of  the  constant  current.  It  will  also  give  apparently 
■^^Xtaneoua  rhythmic  beats,  when  supplied,  according  to  the  Leipzig  method, 
^^  rabbit's  serum  or  dilate  rabbit's  bloods  For  this  purpose,  a  tube,  com- 
^^>«lj  divided  by  a  longitudinal  partition  into  two  canals,  is  introduced  into 
'^  cavity  of  the  ventricle,  and  the  latber  securely  ligatured  round  the  tube 
'  ^le  junction  uf  the  upper  and  middle  thirds.  Fltdd  introduced  through 
'^^  canal  at  a  low  pressure  distends  the  ventricle,  and  when  a  beat  takes 
P*^oe,  ia  driven  out  through  the  other  canal.  Fed  in  this  way  with  rabbit's 
B^'^Um  or  blood,  almost  any  part  of  the  ventricle  may  be  made  after  a  period 

^  Heninowies,  Lndwig's  Arheiten^  1875,  p.  132.     Compare  however  Bernstein, 
Cmroiki.  /.  U€d,  Win.  1876,  885,  435.  ^ 
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of  rest  to  execute  what  are  apparently  Bpontaneons  rhytiunio  pnlntuDS. 
If  it  be  urged  tlia^the  serum  or  blood  is  a  stimulus  wMch  proT«>ke8  ood- 
tractions,  there  still  remains  the  difficulty,  why  the  continued  stimiiliis 
produces  not  a  continued  contraction,  but  a  rhythmic  pulsation.  MorBO?er, 
in  the  case  of  the  rhythmic  beats  evoked  by  the  constant  current^  the  cur- 
rent cannot  during  its  passage  be  regarded  as  a  stimulus  in  the  ordixuuy 
sense  of  the  word. 

Inhibition  of  the  Beat.  The  beat  of  the  heart  may  be  stqiped 
or  checked,  i.e.  may  be  inhibited  by  efferent  impulses  desoexiding 
the  vagus  nerve. 

If  while  the  beats  of  the  heart  of  a  frog  or  rabbit  are  being  care- 
fully  registered  (Fig.  30)  an  interrupted  current  of  moderate  strength 


mmm 


Fio.  80.    iKHiBmoR  or  Fboo^s  Hsibt  bt  stimulitior  of  thb  YAomL 

The  contractions  of  the  ventricle  are  registered  by  means  of  a  simple  lem,  so  fhit 
each  rise  of  tbe  lever  corresponds  to  a  beat.  The  intermpted  emrent  was  thrown  in  it 
Gf  and  shnt  off  at  6.  It  will  be  seen  that  one  beat  occurred  after  a,  and  Uiat  tbe  pun 
continued  for  some  time  after  h.    To  be  read  from  right  to  left. 

be  sent  through  one  of  the  vagi,  the  heart  is  seen  to  stop  beatinff. 
It  remains  for  a  time  in  diastole,  perfectly  motionless  and  flaocid. 
If  tho  duration  of  the  current  be  short  and  the  strength  of  the 
current  great,  the  standstill  may  continue  after  the  current  has  been 
shut  off;  the  beats  when  they  reappear  are  generally  at  first  feeUe 
and  infrequent,  but  soon  reach  or  even  go  beyond  their  previous 
vigour  and  frequency.     Czermak,  by  pressing  his  vagus  against  ft 
small  osseous  tumour  in  his  neck,  and  thus  mechanic&lly  stimulatii^ 
the  nerve,  was  able  to  stop  at  Avill  the  beating  of  his  own  heart;  it^ 
need  hardly  be  added  that  such  an  experiment  is  a  dangerous  ona 
The  effect  is  not  produced  instantaneously ;  if  on  the  curve 
point  be  exactly  marked  as  at  a  (Fig.  30)  where  the  current  i 
made,  it  will  frequently  be  found  that  one  beat  at  least  occurs  afta^ 
the  current  has  passed  into  the  nerve.   In  other  words,  the  infaibitofjC 
action  of  the  vagus  has  a  long  latent  period ;  this  has  been  estimate^ 
by  Bonders  to  last  in  the  rabbit  '16  sec.    The  inhibitory  effect  is  at 
maximum  soon  after  the  moment  of  application  of  the  current^ 
diminishes  gradually  onward.     The  effect,  especially  with  weak  cur^ 
rents,  is  much  more  in  the  direction  of  prolonging  the  diastole,  tbaV- 
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diminishing  the  extent  of  the  systole.  Hence  with  weak  currents, 
actual  stoppage  takes  place^  but  the  pauses  between  the  beats  are 
ich  prolonged,  especially  at  the  beginning  of  the  action  of  the  cur- 
it,  and  the  pulse  thereby  rendered  slow.  If  the  application  of  the 
rrent  for  a  time  be  soon  followed  by  a  second  application  of  the 
ne  current,  the  effects  are  very  markedly  less.  This  is  due  not  to 
baustion  of  the  vagus  fibres  but  to  something  which  has  taken 
kce  in  the  heart,  possibly  in  the  ganglia,  for  a  stimulation,  say  of 
3  left  vagus,  immediately  followmg  that  of  the  right  vagus,  is 
aally  diminished  in  effect.  During  the  standstill,  direct  stimu- 
ion  of  the  heart,  as  by  touching  the  auricle  or  ventricle,  will  pro- 
ce  a  single  beat;  though  spontaneous  pulsations  are  absent,  the 
liability  of  the  muscular  fibres  is  not  destroyed. 

The  stimulus  need  not  be  an  interrupted  current;  mechanical 
i  chemical  stimulation  of  the  vagus  also  produces  inhibition, 
3ugh  less  readily. 

idfier  atropin,  even  in  a  minute  dose,  has  been  injected  into  the 
Kxl,  stimulation  of  the  vagus  even  with  the  most  powerful  currents 
xluces  no  inhibition  whatever.  The  heart  continues  to  beat  as  if 
thing  were  happening;  atropin  in  some  way  or  other  does  away 
th  the  normal  inhibitory  action  of  the  vagus. 

The  above  facts  shew  that  the  events  which  are  at  the  bottom  of  vagus 
dbition  are  complex.  The  following  considerations  render  this  still 
ire  evident. 

A  single-induction  shock  rarely  produces  an  effect  which  can  be  mea- 
led ;  but  a  series  of  shocks  repeated  at  intervals  (the  interval  may  be 
lal  to  or  even  greater  than  the  length  of  a  whole  cardiac  cycle)  pro- 
oes  very  marked  inhibition. 

The  stimulus  may  be  applied  at  any  part  of  the  course  of  either  vagus 
lough  it  frequently  happens  in  the  frog  that  one  vagus  is  more  efficient 
an  the  other) ;  but  perhaps  the  most  marked  effects  are  produced,  when 
t6  electrodes  are  placed  on  the  boundary-line  between  the  sinus  venosus 
id  the  auricles. 

In  slight  urari  poisoning,  the  inhibitory  action  of  the  vagus  is  still 
raient;  in  the  profounder  stages  it  disappears,  but  even  then  inhibition 
ay  be  obtained  by  applying  the  electrodes  to  the  sinus. 

In  order  to  explain  this  result  it  has  been  supposed  that  the  inhibitory 
ues  of  the  vagus  terminate  in  an  inhibitory  mechanism  (probably  gan- 
^onic  in  nature),  seated  in  the  heart  itself  and  that  the  urari,  while  in 
H'e  doses  it  may  paralyse  the  terminal  fibres  of  the  vagus,  leaves  this  inhi- 
<>ry  mechanism  intact  and  capable  of  being  thrown  into  activity  by  a 
^ulus  applied  directly  to  the  sinus.  After  atropin  has  been  given, 
^bition  cannot  be  brought  by  stimulation  either  of  the  vagus  fibres  or  of 
'  sinus,  or  indeed  of  any  part  of  the  heart.  Hence  it  is  inferred  that 
^pin,  unlike  urari,  paralyses  this  intrinsic  inhibitoiy  mechanism  itself 

After  the  application  of  muscarin  or  jaborandi,  the  heart  stops  beating, 
I  remains  in  diastole  in  perfect  standstill.  Its  appearance  is  then 
^1y  that  of  a  heart  inhibited  by  profound  and  lasting  vagus  stimulation. 
^  effect  is  not  hindered  by  urari    .The  application  however  of  a  «m«AV 
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(lose  of  atropin  at  once  restorea  the  beat.  These  &ctB  aie  interpreted  ai 
meaning  tliat  muscarin  (or  jaborandi)  stimulates  or  excites  tiie  inhibitoiy 
apparatus  spoken  of  above,  which  atropin  paralyses  or  places  kan  ds 
combat  It  is  doubtful  wheUier  the  standstOl  produced  by  muscarin  after 
it  has  been  put  on  one  side  by  atropin,  can  be  brought  back  again  by 
further  doses  of  muscarin.  In  ^e  case  of  jaborandi  it  can.  When  jabo- 
randi is  carefully  applied  to  the  ventricle  externally,  the  ventricle  may  be 
brought  to  a  standsUll,  while  the  auricles  continue  to  go  on  beating  as 
usual  ^ 

Niootin,  when  given,  first  slows  the  heart  even  to  a  standstill ;  but  after 
a  while  the  beats  recover  their  usual  rhythm.  Stimulation  of  the  vagna  is 
then  found  to  have  no  effect;  muscarin  however  at  once  prodnoes 
a  standstill,  which  in  turn  may  be  removed  by  atropin.  The  initial 
slowing  effect  is  absent  if  atropin  or  urari  be  previously  given,  Theae 
facta  are  interpreted  as  shewing  that  niootin  first  excites  the  terminal 
fibres  of  the  vagus,  producing  inhibitory  effects,  but  that  this  excitement 
ends  in  an  exhaustion  of  these  fibres.  The  action  of  the  drug  however  la 
limited  to  the  terminal  fibres  of  the  vagus,  and  does  not  bear  on  the  in- 
trinsic inhibitory  apparatus,  with  which  these  fibres  are  connected ;  henoe 
while,  after  nicotin  poisoning,  stimulation  of  the  trunk  of  the  vagna  ia 
ineffectual,  a  small  dose  of  muscarin,  which  acts  directly  on  the  appantoa 
itself,  produces  standstill. 

If  a  ligature  be  drawn  tightly  round  the  junction  of  the  sinus  venoaoa 
with  the  auricles,  or  if  the  auricles  be  separated  from  the  sinus  by  an 
incision  carried  along  the  boundary-line  between  the  two^  a  standstill  ia 
produced  closely  resembling  vagus  inhibition,  and,  still  more,  muscaiin 
standstill.  The  quiescence  thus  induced  may  last  an  indefinite  time. 
This  experiment  we  owe  to  Stannius*.  During  the  standstill,  there  ia  a 
great  tendency  for  the  ventricle  to  beat  before  the  auricles,  when  a  pdaar 
tion  is  induced  by  a  stimulus  applied  directly  to  the  heart ;  and  when  tbe 
ventricle  is  separated  by  an  incision  from  the  auricles^  the  former  irill 
recommence  beating,  whUe  the  latter  remain  as  quiescent  as  before. 

Two  interpretations  have  been  offered  of  this  standstilL  It  has  been 
suggested  that  the  ligatiu^e  or  section  stimulates  the  endings  of  the  vagna, 
and  so  produces  inhibition.  This  is  disproved  by  the  fact  that  the  standatill 
appears  equally  well,  whether  atropin  have  been  previously  given  or  not 
According  to  the  other  view,  the  really  automatic  movements  of  the  beaii 
depend  on  the  ganglia  in  the  sinus,  the  pulsations  which  appear  in  the 
isolated  ventricle  or  auricles  being  in  reality  reflex  pulsations^  or  pulsatiooa 
caused  by  some  stimulus  not  really  automatic,  and  therefore  not  so  lasting; 
or,  if  there  be  an  automatic  apparatus  in  ventricle  or  auricle,  it  is  kept  in 
check  by  the  action  of  the  inhibitory  apparatus  spoken  of  above,  and  oolj 
makes  its  presence  felt  on  some  stimulus  being  applied.  This  view  again 
is  disproved  by  the  fact  that  if  the  sinus  be  gradually  separated  from 
the  auricles,  no  standstill  takes  place.  The  whole  subject  needs  fnrther 
elucidation. 

Keflex  InhifaitioiL  Tliis  inhibitory  action  of  the  vagus  may  ^ 
brought  about  by  reflex  action.  If  the  abdomen  of  a  frog  be  Wd 
bare,  and  the  intestine  be  struck  sharply,  as  with  the  handle  of  a 

1  Langley,  Joum.  Anat.  x.  (1875)  187.  *  M«Uer*B  Ankiv^  1858,  p.  85. 
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:»Ip6l»  the  heart  will  stand  still  in  diastole  with  all  the  phenomena 
f  vagus  inhibition.  If  the  nervi  mesenterici  or  the  connections  of 
liese  nerves  with  the  sympathetic  chain  be  stimulated  with  the 
iterrupted  current,  cardiac  inhibition  is  similarly  produced.  If  in 
iiese  two  experiments  both  vagi  are  divided,  or  the  medulla  oblongata 
estroyed,  inhibition  is  not  produced,  however  much  either  the  intes- 
!ne  or  the  mesenteric  nerves  be  stimulated.  This  shews  that  the 
henomena  are  caused  by  impulses  ascending  along  the  mesenteric 
enres  to  the  meduUa,  and  so  affecting  a  portion  of  that  organ  as  to 
ive  rise  by  reflex  action  to  impulses  which  descend  the  vagi  as 
ihibitory  impulses.  The  portion  of  the  medulla  thus  mediating  be- 
ireen  the  afferent  and  efferent  impulses  may  be  spoken  of  as  the 
Effdio-inhibitoiy  centre. 

If  the  peritoneal  surface  of  the  intestine  be  inflamed,  very  gentle 
simulation  of  the  inflamed  surface  will  produce  marked  inhibition; 
ad  in  general  the  alimentanr  tract  seems  in  closer  connection  with 
lie  cardio-inhibitory  centre  than  other  parts  of  the  body;  but  appa- 
dntly  stimuli  if  sufficiently  powerful  will  through  reflex  action  pro- 
uce  inhibition  from  whatever  part  of  the  body  they  may  coma 
lius  crushing  a  frog^s  foot  will  stop  the  heark  In  ourselves  the 
linting  from  emotion  or  from  severe  pain  is  the  result  of  a  reflex 
ihibition  of  the  heart,  the  afferent  impulses  in  the  one  case  at  least, 
nd  probably  in  both  cases,  reaching  the  medulla  from  the  brain. 

iJirect  stimulation  of  the  centre  itself,  such  as  occurs  during  the 
estruction  of  or  results  from  injury  to  the  medulla,  of  course  pro- 
uces  inhibition. 

Thus  by  nervous  links,  the  regulative  action  of  the  inhibitory 
lechanism  is  brought  into  more  or  less  close  communion  with  all 
Arts  of  the  body. 

The  question  naturally  arises,  Has  this  cardio-inhibitory  centre  any 
utomatic  action  ? 

In  the  dog,  and  also,  though  to  a  far  less  extent,  in  the  rabbit,  section 
»f  both  vagi  is  followed  by  a  quickening  of  the  heart's  beat.  This  result 
aay  be  interpreted  as  shewing  that  the  centre  in  the  medidla  exercises  a 
lermanent  restraining  influence  on  the  heart;  that  organ  in  fact  being 
labitually  curbed  up.  (The  argument  that  the  effects  of  an  artificial 
timulation  of  the  vagus  soon  wear  off,  and  that  therefore  a  permanent 
timulation  of  the  vagi,  leading  to  permanent  inhibitory  action,  would  be 
mpoasible,  may  be  met  by  the  saggestion  that  the  effects  of  natural  stimu- 
ation  need  not  necessarily  wear  off.)  If  however,  previous  to  the  section 
if  the  vagi,  afferent  impulses  to  the  centre  in  the  medulla  are  cut  off  by 
he  section  of  the  spiniEil  cord  below  the  medulla,  and  by  division  of  the 
!ervical  sympathetic  chain,  no  acceleration  follows  the  division  of  the  vagi. 
This  would  shew  that  the  action  of  the  medulla  in  this  matter  \&  purely 
leflex,  and  not  automatia  Such  an  experiment,  however,  introduces 
nany  sources  of  error;  and  perhaps,  the  question  itself  is  at  bottom  a 
3arren  one.  Granting,  however,  the  existence  of  a  centi'e  in  the  medulla, 
irhich  either  automatically  or  otherwise  is  in  permanent  action,  it  is 
^bvionsly  open  to  us  to  speak  of  reflex  inhibition  as  being  brought  aWxtVj 
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influencea  which  augment  the  action  of  that  centre.  But  we  have  Mn 
that  active  nervous  centres  are  subject,  not  only  to  a.iigiiiei)tfttiTe,  bat  tlaa 
to  inhibitory  infiuences.  Hence  the  cardio-inhibitoty  oentre  mi^t  itKlf 
be  inhibited  hj  impulses  reaching  it  from  Tariooa  qnarten.  In  otho* 
words,  the  beat  of  heart  might  be  quickened  by  a  lessening  of  tike  ncnul 
action  of  ita  iuhibitoiy  centre  in  the  medulla.  It  is  in  fiut  probable,  tiiat 
many  cases  of  quickening  of  the  heart's  beat  are  produced  in  this  *>;; 
though  the  matter  requires  further  investigation. 

Acoaloutor  nerreB,  The  heart's  beat  may  in  the  mammal  be  quick- 
ened, even  t^r  division  of  both  vagi,  by  direct  ttimnlatlon  of  the  omrial 
spinal  cord.  The  effects  produced,  however,  are  very  complex,  and  led,  n 
their  first  being  made  known,  to  much  discussion,  one  outcome  of  vhich 
was  the  discovery  of  certain  nerves  of  a  very  peculiar  character,  whicli  pia 
from  the  cervical  spinal  cord,  frequently  along  the  nerve  aoonmpanying  tb 
vertebral  artery,  and  reach  the  heart  through  the  last  cervical  and  fint 
thoracic  ganglia;  these  have  been  called  the  'accelerator  nerves.'    Tlieir 


Flo.  31.  The  ubt  cebticaIi  ikd  rntsr  TBoaicic  outolu  in  thi  aiasir.  {Leftist') 
(Someirkat  diagrammatic,  nun;  ol  the  variotu  branches  being  omitted.) 
Traeh.  Tiacb^a.  ca.  carotid  ortei;.  tb.  rabolftTian  artery,  tt.  Vag.  tiw  n^ 
trunk.  N.  rte.  the  Tecmrent  larynge^.  n/m.  the  oerrioal  B<niipathatia  nBrreanW 
ia  the  inferior  cervical  gangUon,  gl.  cere.  inf.  Tvo  roots  of  the  ganglion  era  ■bs*i>' 
Tad.  the  lower  of  the  two  accompanying  the  vertebral  artery,  A.  verL,  being  U» 
one  gouei&lL;  poBseBsing  accelerator  propertiea.  gl,  thor.  pr.  the  Onrt  thoroeia  gan^iiV' 
Its  two  branohee  oommanioating  with  the  ceirica]  ganglion  Bmroond  the  BDbs]*n*ii 
artery  forming  the  annulus  of  VienaBsnE.  tym,  thor.  tlie  thoraeio  mnpathetio  dubi- 
II.  dtp.  deproHBor  nerve.  This  ia  joined  in  its  ooarBs  by  a  bianoh  bom  the  lo*^ 
cervical  ganglion,  there  being  a  small  ganghon  at  their  jonotioa,  from  which  proem 
uerveB  to  form  a  pleine  over  the  arah  of  the  aorta.  It  ia  this  branch  from  the  lom 
cervical  ganglion  which  poeseaeea  accelerator  propertleo — hence  the  ooorse  ot  the 
■eceterator  fibres  is  indicated  in  the  figure  by  the  arrows. 
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ree  is  different  in  the  rabbit  and  in  the  dog,  see  Figs.  31  and  32,  and 
»d  vaiiea  even  in  the  same  kind  of  animal.  Stimulation  of  these  nerves 
li  the  interrupted  current^  causes  a  quickening  of  the  heart's  beat^  in 
di,  what  is  gained  in  rate  is  lost  in  foroe^  for  the  blood-pi'essure  is  not 
Msarilj  increased,  but  may  remain  the  same,  or  even  be  diminished.  The 
nt  period  of  the  action  of  these  nerves  may  be  enormously  long,  amount- 
to  as  much  as  10  seconds.  The  effect  is  therefore  a  very  appreciable 
9  in  making  its  appearance ;  rising  gradually  to  a  maximum,  it  after  a 
le  slowly  declines.  The  effects  require  for  their  production  very  strong 
rents ;  and  it  is  a  very  remarkable  feature  of  these  nerves  (in  cats  at 
t),  that  absolute  exhaustion  is  with  difficulty  produced  in  them*.  They 
n'  to  be  unaffected  by  the  various  poisons  which  act  upon  the  vagus  and 
IT  parts  of  the  nervous  system  of  the  heart,  and  are  effective  in  the 
1st  of  profound  asphyxia.  Their  influence  is  closely  dependent  on 
perature;  at  low  temperatures  their  influence  is  slight,  and  long  in 


v,jym>. 


Fio.  32.    Thi  labt  cervical  aho  fibst  thoracic  oamolia  in  the  doo. 

The  cardiao  nerves  of  the  Dog.    The  fignre  is  largely  diagrammatic,  and  represents 
left  side. 

r.  #yii»,  the  nnited  vagus  and  cervical  sympathetic  nerves,  gl,  cerv,  t.  the 
jrior  cervical  ganglion,  n.  v,  the  continuation  of  the  trunk  of  the  vagus. 
.K.  the  two  branches  forming  the  annulus  of  Vieussens  round  the  subclavian 
jry,  art.  ivbcl,  and  joining  gl,  tK  pr.,  the  first  thoracic  or  stellate  ganglion  (the 
Qch  running  in  front  of  the  artery  is  considered  by  Schmiedeberg  to  be  an  especial 
onel  of  accelerator  fibres),  tym,  thorac.  the  sympathetic  trunk  in  the  thorax. 
fert.  communicating  branches  from  the  cervical  nerves  running  alongside  the 
lebral  artery,  the  rami  vertebrales.  n.  ree,  the  recurrent  laryngeal,  n.  c.  cardiac 
aehes  from  the  lower  cervical  ganglion,  accelerator  nerves  of  Schmiedeberg.  nf  e\ 
liaio  branches  from  the  first  thoracic  ganglion,  accelerator  nerves  of  Gyon.  n"  e", 
w^n  branch  from  recurrent  nerve,  r.  ree»  branch  from  lower  cervical  ganglion  to 
recurrent  nerve,  often  containing  accelerator  fibres. 

1  Boehm.  AreJUvf.  Exp.  Path.  iv.  (1876)  255. 
i  Schmiedeberg,  Ludwig's  Arbeiten,  1871. 
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making  its  appearance ;  as  the  temperature  rises  their  Action  beeonieB  more 
and  more  powerfuL  They  are  not  to  be  considered  as  antagonistic  to  the 
vagi;  for  if  during  maximum  stimulation  of  the  accelerator  nerves  the 
vagus  be  stimulated,  even  with  minimum  currents,  inhibition  is  prodnced 
with  the  same  readiness  as  if  these  were  not  acting*.  The  period  of  in- 
hibition however  is  followed  by  a  period  of  acceleration  similar  to  that  pro- 
duced by  the  action  of  the  accelerator  alone,  the  vagus  action  appearing 
simply  to  prevent,  during  its  continuance,  Uie  manifestation  of  the  ac- 
celerator action  but  not  otJierwise  to  modify  it  We  know  at  present  little 
concerning  the  share  which  these  nerves  take  in  the  natural  actions  of  the 
economy.  If,  as  later  researches  of  Baxt  would  seem  to  shew,  their  acceler- 
ating effect  is  characterized  by  an  actual  shortening  of  the  cardiac  systole^ 
it  is  obvious  that  fhe  quickening  of  the  heart's  beat  produced  by  their 
action  is  something  quite  different  from  the  quickening  indirectly  brought 
about  by  a  diminution  of  the  activity  of  the  csLrdio-inhibitoiy  centre. 

The  beat  of  the  heart  then  may  be  modified,  and  so  adapted  to 
the  needs  of  the  body,  by  means  of  the  vagi  nerves  and  the  eeneral 
nervous  system  of  the  body.  It  is  however  also  affected  by  influences 
brought  to  bear  directly  on  the  heart  itself.  Thus  chemical  changes 
in  the  blood,  as  seen  for  instance  in  the  action  of  the  poisons  discossied 
above,  profoundly  affect  the  beat  of  the  heart.  When  the  heart  by 
the  method  described  above  (p.  143)  is  fed  with  rabbit's  serum,  the 
beats,  whether  spontaneous  or  provoked  by  stimulation,  are  apt  to 
become  intermittent  and  to  arrange  themselves  into  groups.  This 
intermittence  is  due  to  the  chemical  action  of  the  serum ;  and  it  is 
probable  that  the  cardiac  intermittence  seen  during  life  has  often  a 
similar  causation.  Various  chemical  substances  in  the  blood,  natural 
or  morbid,  may  thus  affect  the  heart's  beat  by  acting  on  its  muscular 
fibres,  its  reflex  or  automatic  ganglia,  or  its  intrinsic  inhibitory 
apparatus. 

The  physical  or  mechanical  circumstances  of  the  heart  also  affect 
its  beat ;  of  these  perhaps  the  most  important  is  the  amount  of  the 
distension  of  its  cavities.  The  contractions  of  cardiac  muscle,  like 
those  of  ordinary  muscle  (see  p.  69),  are  increased  up  to  a  certain 
limit  by  the  resistance  which  they  have  to  overcome ;  a  full  ventricle 
will,  other  things  being  equal,  contract  more  vigorously  than  one  less 
full ;  though,  as  in  muscle,  the  limit  at  which  resistance  is  beneficial 
may  be  passed,  and  an  over-full  ventricle  will  cease  to  beat  at  alL 

Tlie  influences  of  resistance  in  the  case  of  the  heart  are,  however,  more 
complex  than  those  of  ordinary  muscle,  since  in  the  former  we  have  to  deal 
with  the  rate  as  well  as  the  vigour  of  the  beat. 

The  effects  of  mechanical  conditions,  and  at  the  same  time  the 
manner  in  which  they  are  complicated  by  vital  factors,  may  be  well 
shewn  in  discussing 

The  relation  of  the  heart's  beat  to  blood-pressure.    When  the 

blood-pressure  is  high,  not  only  is  the  resistance  to  the  ventricular 
'  Baxt,  Die  Stellung  det  N,  vagut  *um  N,  accelerant,  Ludwig's  Arbeiten,  1875. 
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r>le  increaBedy  but,  other  things  being  equal,  more  blood  flows 
ugh  the  coronary  artery.  Boui  these  events  would  increase  the 
work  of  the  heart,  and  we  might  expect  that  the  increase  would  be 
manifest  in  the  rate  of  the  rhythm  as  well  as  in  the  force  of  the  indi- 
vidual beats.  As  a  matter  of  fact,  however,  we  do  not  find  this.  On 
the  contrary,  as  Marey  has  insisted,  the  relation  of  heart-beat  to  pres- 
sure may  be  put  almost  in  the  form  of  a  law,  that  *'  the  rate  of  the 
beat  is  in  inverse  ratio  to  the  arterial  pressure ;"  a  rise  of  pressure 
being  accompanied  by  a  diminution,  and  fall  of  pressure  with  an 
increase  of  the  pulse-rate.  This  however  only  holds  good  if  the  vagi 
be  intact  If  these  be  previously  divided,  then  in  whatever  way  the 
blood-pressure  be  raised — ^whether  by  injecting  blood  or  clamping  the 
aorta,  or  increasing  the  peripheral  resistance,  through  that  action  of 
the  vaso-motor  nerves  which  we  shall  have  to  describe  directly — or  in 
whatever  way  it  be  lowered,  no  very  clear  and  decided  relation  be- 
tween blood-pressure  and  pulse-rate  is  observed\  It  is  inferred  there- 
fiune  that  the  effect  of  increased  blood-pressure  in  slowing  the  pulse, 
when  the  vagi  are  intact,  is  brought  about  through  the  high  blood- 
pressure  stimulating  the  cardio-inhibitory  centre  in  the  medulla  and 
thus  partially  inhibiting  the  heart. 

When  the  blood-pressure,  after  section  of  the  vagi,  is  raised  by  the 
injection  of  additional  blood  or  by  clamping  the  aorta,  the  heart's  beats  are 
increased  in  strength,  as  shewn  by  the  larger  excursions  of  the  manometer ; 
the  &ct  that  this  is  not  accompanied  by  any  change  in  the  rate,  suggests 
that  there  must  be  some  compensating  agency  at  work.  Sometimes,  eveD 
after  section  of  the  vagi,  a  slight  slowing  is  observed  when  the  pressure 
18  increased ;  this  has  been  attributed  to  the  action  of  the  increased  arterial 
pressure  on  the  endings  of  the  vagus  fibres  in  the  heart  itselfl 


Ths  Effects  on  the  Circulation  of  Changes  in  the  Hearts  Beat. 

Any^  variation  in  the  heart's  beat  directly  affects  the  blood- 
pressure  unless  some  compensating  influence  be  at  work.  The  most 
extreme  case  is  that  of  complete  inhibition.  Thus  if,  while  a  tracing 
of  arterial  pressure  is  being  taken,  the  beat  of  the  heart  be  suddenly 
arrested,  some  such  curve  as  that  represented  in  Fig.  33  will  be 
obtained.  It  will  be  observed  that  immediately  after  the  last  beat, 
there  is  a  sudden  rapid  fall  of  the  blood-pressure,  the  curve  described 
by  the  float  more  or  less  closely  resembling  a  parabola.  At  the  close 
of  the  last  systole,  the  arterial  system  is  at  its  maximum  of  dis- 
tension ;  forthwith  the  elastic  reaction  of  the  arterial  walls  propels 
the  blood  forward  into  the  veins,  and  there  being  no  fresh  fluid 
injected  from  the  heart,  the  fall  of  the  mercury  is  unbroken,  beine 
rapid  at  first,  but  slower  afterwards,  as  the  elastic  force  of  the  arterial 
wallit  is  more  and  more  used  up.  With  the  returning  beats,  the  mer- 

^  Nawrooki,  Ludwig's  Festgabe,  p.  ccy. 


152 


EFFECTS  OF  CARDIAC  IFBIBITION.        [Baoii. 


Fio.  88.    Tbacino,  shbwino  the  nrrLUENCE  of  Cabdiao  iNHiBmoH  ok  Blood-f^^ 

8I7BE.    Fbom  a  Babbit. 

The  cnrrent  was  thrown  into  the  Tagas  at  a  and  ehnt  off  at  &.    It  wOl 
observed  that  one  beat  is  recorded  after  the  oommenoement  of  the  atimnlation.    T^ 
follows  a  very  rapid  fall,  continuing  after  the  cessation  of  the  stimuloa.    With 
returning  beats,  the  mercury  rises  by  leaps  until  the  normal  pressure  is  regained. 


0- 


cury  correspondingly  rises  in  successive  leaps  until  the  normal  p: 
is  regained.    The  size  of  these  returning  leaps  of  the  mercury  m^^- 
seem  extraordinary,  Fig.  34,  but  it  must  be  remembered  that  by  f^ 
the  greater  part  of  the  force  of  the  first  few  strokes  of  the  heart  '0- 
expended  in  distending  the  arterial  system,  a  small  portion  only 
the  blood  which  is  ejected  into  the  arteries  passing  on  into  the  v 
As  the  arterial  pressure  rises,  more  and  more  blood  passes  at 
beat  through  the  capillaries,  and  the  rise  of  the  mercury  at  eac 
beat  becomes  less  and  less,  until  at  last  the  whole  contents  of  th 
ventricle  passes  at  each  stroke  into  the  veins,  and  the  mean  arteriap^ 
pressure  is  established.    To  this  it  may  be  added,  that  the  force  o: 
the  individual  beats  is  somewhat  greater  after  than  before  inhibition  9 
that  is  to  say,  the  period  of  depression  is  followed  by  a  period  of 
action,  of  exaltation.     Besides,  the  inertia  of  the  mercury  tends 
magnify  the  effects  of  the  initial  beats. 

If  while  the  force  of  the  individual  beats  remains  constant  th 
frequency  is  increased  or  diminished,  and  vice  versa,  if  while  the 
quency  remains  the  same  the  force  is  increased  or  diminished,  ihi 
pressure  is  proportionately  increased  or  diminished.     This  dearlj^ 
must  be  the  case ;  but  obviously  it  is  quite  possible  that  the 
might,  while  more  frequent,  so  lose  in  force,  or  while  less  frequent, 
increase  in  force,  that  no  difference  in  the  mean  pressure  shoal 
result.    And  this  indeed  is  not  unfrequently  the  case.     So  much 
that  variations  in  the  heart-beat  must  always  be  looked  upon  as  ^ 
far  less  important  factor  of   blood-pressure    than  the  peripherskl 
resistance. 
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Fio.  U.    Blood- PusaOH  ddbikq  Cibduc  iNaatTioN.    Fbom  a  Doo. 

(The  traoing  leada  from  light  to  latt.) 

TIm  line  T  indiDstea  the  time  ti  which  the  reoording  anrfoee  wu  traveUIng,  the 
■ioal  Itnea  mftrkiiig  Heoonda.  The  line  3  indioatea  the  appIioaUon  of  the  atimnlaa, 
iuttcrapted  DaireDt  being  thrown  into  the  vaeas  doiing  the  break  in  (he  line.  It 
be  noticed  that  in  this  case,  the  atimulus  being  oomparativel;  weak,  the  bests 
■Umeneed  before  the  onirent  was  ahnt  off.  The  large  leapa  of  the  meraor;,  6, 
•«d  parti;  by  the  slownesi  of  the  fint  beats  after  the  paosc^  are  very  oonapioDOtu, 
»«d  onoinally  large, 

Tbua  when  the  heart's  beat  is  quickened  by  BtimuUtion  of  the  accele- 
>r,  no  increase  in  the  blood- preoBure  ia  obserTed,  This,  in  the  tbsence 
>d;  peripheral  changes,  must  result  from  a  proportionate  dimmutioa  of 

force  of  the  individual  etrokea 

An  increase  in  the  quantity  of  blood  ejected  at  each  beat  must 
^uanij  augment,  and  a  decrease  diminish,  the  blood-pressure, 
er  things  remaining  the  same.  But  the  quantity  sent  out  at  each 
kt,  on  the  supposition  that  the  Tentricle  always  empties  itself  at 
h  systole,  will  depend  on  the  quantity  entering  into  the  ventricle 
'ing  each  diastole,  and  that  will  be  determined  by  the  circum- 
Qcea  not  of  the  heart  itself,  hut  of  some  other  part  or  parts  of  the 
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Sec.  5.    Changes  in  the  Calibre  of  the  Minute  Abtebies. 

Vaso-motor  Actions. 

The  middle  coat  of  all  arteries  contains  circularly  disposed  plain 
muscular  fibres.  As  the  arteries  become  smaller,  the  muscular  ele- 
ment becomes  more  and  more  prominent  as  compared  with  the 
elastic  element,  until,  in  the  minute  arteries,  the  middle  coat  ooDfiistB 
entirely  of  a  series  of  plain  muscular  fibres  wrapped  round  the  elastic 
internal  coat.  Nerve-fibres  belonging  to  the  sympathetic  system  are 
distributed  largely  to  blood-vessels,  but  their  termmations  have  not  as 
yet  been  clearly  made  out.  By  galvanic,  or  still  better  by  mechanical 
stimulation,  this  muscular  coat  may,  in  the  living  artery,  be  made  to 
contract.  During  this  contraction,  which  has  the  slow  character  be- 
longing to  the  contractions  of  all  plain  muscle,  the  calibre  of  the  vessel 
is  diminished. 

If  the  web  of  a  frog's  foot  be  examined  under  the  microscope,  any* 
individual  small  artery  will  be  found  to  vary  in  calibre,  being  some- 
times narrowed  and  sometimes  dilated.  During  the  narrowing,  which 
is  obviously  due  to  a  contraction  of  the  muscular  coat  of  the  artea?^ 
the  attached  capillary  area  with  the  corresponding  veins  becomes  less 
filled  with  blood,  and  paler.  During  the  stage  of  dilation,  which 
corresponds  to  the  relaxation  of  the  muscular  coat,  the  same  parts  are 
fuller  of  blood  and  redder.  It  is  obvious  that,  the  pressure  at  the 
entrance  into  any  given  artery  remaining  the  same,  more  blood  will 
enter  the  artery  when  relaxation  takes  place  and  consequently  the 
resistance  offered  by  the  artery  is  lessened,  and  less  when  contraction 
occurs  and  the  resistance  is  consequently  increased.  The  blood  al- 
ways flows  in  the  direction  of  least  resistance. 

The  small  arteries  frequently  manifest  what  may  be  called  spontaneoos 
variations  in  their  calibre,  and  these  variations  are  very  apt  to  take  on  a 
distinctly  rhythmical  character.  If  a  small  artery  in  the  web  of  the  fiog 
be  carefully  watched,  it  will  be  seen  from  time  to  time  to  vary  vwy  con- 
siderably in  width,  without  any  obvious  change  taking  place  in  the  heart's 
beat  or  any  events  occurring  in  the  general  vaso-motor  system.  Similsr 
variations  may  be  witnessed  in  the  vessels  of  the  mesentery  of  a  mammal 

The  most  striking  and  most  easily  observed  instance  of  rhythmical  con- 
striction and  dilation  is  to  be  found  in  the  median  artery  of  the  ear  of 
the  rabbit.  If  the  ear  be  held  up  before  the  light,  it  will  be  seen  that  at 
one  moment  the  artery  appears  as  a  delicate  hardly  visible  pale  streak,  the 
whole  ear  being  at  the  same  time  pallid.  After  a  while  the  artery  slo^f 
widens  out,  becomes  thick  and  red,  the  whole  ear  blushing,  and  many  small 
vessels  previously  invisible  coming  into  view.  Again  the  artery  narrows 
and  the  blush  fades  away ;  and  this  may  be  repeated  at  somewhat  irregala^ 
intervals  several  times  a  minute.  The  extent  and  regularity  of  the 
rhythm  are  markedly  increased  if  the  rabbit  be  held  up  by  the  ears  fi)r  * 
short  time  previous  to  the  observation.  If  the  sympathetic  be  severed,  these 
rhythmic  movements  cease  for  a  time ;  but  in  the  course  of  a  few  days  ars 
re-established,  even  if  the  superior  cervical  ganglion  be  removed.     Ihn' 
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Nigh  normallj  dependent  on  the  central  nervous  system  (unless  we 
>poee  that  the  mere  section  of  the  nerve  is  sufficient  to  create  a  shock 
dng  several  days)  these  rhythmic  movements  can  make  their  appearance 
lependentlj  of  iJiat  system.  Some  local  mechanism  is  therefore  sug- 
(ted;  and  yet  no  ganglionic  cells  have  been  discovered  which  would 
ve  as  such  a  mechanism.  Similar  rhythmic  variations  in  the  calibre  of 
)  arteries  have  been  observed  in  sevend  places,  e.g.  in  the  saphena  artery 
the  rabbit,  in  the  axillary  artery  of  the  tortoise,  and  in  the  small  arteries 
the  muscles  of  the  frog ;  probably  they  are  widely  spread.  They  may  be 
Qpared  with  the  rhythmic  movements  of  the  veins  in  the  bat's  wing  and 
the  caudal  vein  of  the  eeL 

The  extent  and  intensity  of  the  constriction  or  dilation  are  found 
vary  very  largely.  Irregular  variations  of  slight  extent  occur  even 
len  the  animal  is  apparently  subjected  to  no  disturbing  causes.  By 
propriate  stimulation  the  arteries  maybe  either  constricted,  in  some 
les  almost  to  obliteration,  or  dilated  until  they  acquire  double  or 
»re  than  double  their  normal  diameter.  Thus  in  the  frog  section 
the  sciatic  nerve  in  the  tbi^h  causes  a  brief  constriction  followed 
•quently  by  a  very  marked  dilation  of  the  arteries,  not  only  of  the 
^ole  of  that  web,  but  of  the  rest  of  the  foot  The  whole  limb  in  fact 
iy  become  redder.  Very  frequently,  however,  section  of  the  sciatic 
followed  by  no  distinct  alteration  in  the  calibre  of  the  vessels  of 
d  web  beyond  perhaps  an  initial  constriction.  Stimulation  of  the 
ripheral  stump  of  the  divided  nerve  by  an  interrupted  current  of 
Mierate  intensity,  is  followed  by  a  constriction,  often  so  great  as 
iQost  to  obliterate  some  of  the  minute  arteries.  Sometimes,  but  not 
variably,  this  constriction  is  followed  by  a  dilation,  which  may  or 
ty  not  be  marked. 

The  constriction  of  the  arteries  of  the  web  as  the  result  of  nerve-stimu- 
ion,  is  more  certain  when  the  small  nerve  supplying  the  foot  is  operated 
thaD  when  the  main  trunk  of  the  sciatic  is  stimulated  high  up. 

These  fieu^ts  shew  that  the  contractile  elements  of  the  minute 
eries  of  the  web  of  the  frog's  foot  are  capable  by  contraction  or 
azation  of  causing  constriction  or  dilation  of  the  calibre  of  the 
eries ;  and  that  this  condition  of  constriction  or  dilation  may  be 
mght  about  through  the  agency  of  nerves. 

Vaso-motor  nerves.  In  the  mammal,  division  of  the  cervical 
npathetic  on  one  side  of  the  neck  causes  a  dilation  of  the 
Qute  arteries  of  the  head  on  the  same  side,  and  an  increased 
)ply  of  blood  to  the  parts.  If  the  experiment  be  performed  on 
rabbity  the  effect  on  the  circulation  in  the  ear  is  very  striking, 
e  whole  ear  of  the  side  operated  on  is  much  redder  than  normiJ, 
arteries  are  obviously  dilated,  its  veins  unusually  full,  innumerable 
QUte  vessels  before  invisible  come  into  view,  and  the  temperature 
y  be  more  than  a  degree  higher  than  on  the  other  side. 
If  the  upper  cut  end  of  the  nerve  (i.e.  the  part  connected  with  the 
id)  be  placed  on  a  pair  of  electrodes,  and  stimulated  wiih  sji 
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iutcmipted  current,  the  ear  again  becomes  pale,  mach  paler  than 
uoriual  if  the  current  be  strong,  the  vessels  diminish  in  size^  so  tbat 
tho  smaller  ones  disappear;  and  the  temperature  falls.  On  the 
current  ceasing,  the  dilated  and  flushed  condition,  after  a  short  panse^ 
returns. 

Division  of  the  sciatic  nerve  in  a  mammal  causes  a  similar  dilu- 
tion of  the  small  arteries  of  the  foot  and  leg.  Where  the  condition  of 
tho  cinnilation  ain  be  readily  examined,  as  for  instance  in  the  hair- 
less biUIs  of  the  toes,  the  vessels  are  seen  to  be  dilated  and  injected; 
and  a  thermometer  placed  between  the  toes  shews  a  rise  of  tempoi- 
turv  amounting,  it  may  be,  to  several  degrees.  Division  of  the 
bntohial  plexus  pnxluces  a  similar  dilation  of  the  blood-vesseb  of 
tho  fnmt  limb.  Division  of  the  splanchnic  nerve  produces  a  dili- 
tion  of  tho  Mooil-vossels  of  the  intestine.  Division  in  the  mainnMil 
of  tho  lintniAl  uon'o  on  one  side  of  the  head,  causes  a  dilation  of 
tho  vo:iUioIs  in  tho  oorn?$ix>uding  half  of  the  tougua  A  similar  eflkt 
follows  division  of  tho  in~poglossal ;  and  if  both  lingnal  and  hypo- 
glossal bo  sovonxl,  tho  offoot  is  still  more  marked. 

If  ono  of  tho  thin  muscles  of  a  fivtg  be  placed  under  the  rxaao^ 
i&*.v{x\  and  its  oirvnilativ^n  watohod  while  the  nerve  going  to  the 
nuisi'lo  is  still  intaot,  it  will  be  seen  that  division  of  the  nerve  is 
immi\iiAtoly  :ol!ow<\l  by  a  dilation  of  the  small  arteries,  and  aa 
inon\kii\i  tlv>\v  of  K:«xvi  thrvnich  the  m-scle. 

In  tV:*  in  \-:%r.v^;;s  jv^ns  of  tho  lv«iy  certain  vascular  areas  stand 
in  snoh  .^  ri^'»A;:on  to  ot*r:A:n  r.orro*  thr*:  the  division  of  one  of  thes^ 
nor\t\^  oa;:*^^s  a  *v.-a::x:  o:  :ho  r.i:r.:::o  arteries  in.  and  consequently 
rtn  \uon\^.*x\i  s'.:t^i>*:v  o:  b" A\i  :a  a  vVTrvstK^ndin^  vascular  area.  These 
novxos,  \^V.;,'V.  \v\v.;c  Sk*:v.o::r.:i:?  :o  'ho  svnu^rhedc,  sometimes  to  the 

h  ;s  t:\N:v;.^n:*v  \\\c  cs»s^  :>,*:  iht^  r-^rvr,  ihe  division  of  whiA 
,\v,;vA<  sv.l.-^:  •.,*:".  y.'.\\h:xV:s.  ^hcr.  >:ir.;",;lA:o.i.  r^fc:^  oiher  than  those 
•-,  xxV..,*V,  ;ho  I'.Av.  x<>>i>>.*<  ATs:  .v:v.vr:.i\i,  ::c-  iiisiaiict?  the  contraction 
o;  A  sV,^*..-^',  v.-,;:>^'\\  T^.c  r,;r4v  ^-Jtr.-::  iheii  Sr  said  to  be  simply  a 
\  >v,N  v,^N;.v,  v,,: x,\  *.;  -.s  .'^,\vr.vv.cY  >yi;fc-T.  ::  is  :^:c"nairing  vaso-m(rtor 
.\,^;^^N   '.,vi  ,^s  av   ,^v,;.r.A:\   >v..:\aI  r.crfi  "-*  >TK'if-r  cc  as  containing 

•  ■  ■. 

-*\   «\^\'i  ^     •'a «i^«     !■    »   ^\    *      ■•«'«%  ^ 

.^<-;\  •<  ^^  ^^ ;  i.  ^'-i-'.  ^.v  5o,*r  r.  'S'  "Vir  :•::>:-:  frr'^'s  foot,  it  may 
••j./.x  K'  v^..:  \\.'A  ;:.,*  V.'  ■  .  ,■  *:•;.-."<  .c  ::.-  ~Ascrilir  ar^as,  when 
.'.,''^v  .'».^,.  i'»  :  ^;",v\-.v'.  .  >••:•s^-■.v■;•  .iT  7;rri>  *re  "^  a  normal  cod- 
,:.»  ,v.^  ms  •»  >:-■:.,*  .-.  *  v.,  ■>:.■  ,v.T.>:r'.-*:?:ir.  .l~t  i.:-  a  p?nnanent 
uuv;,  .Ml,-  ,\^  V, ;  .■■  ,.  .  ■  ,■  V.  ,.s.  .'-r  ,v»jr:>.  *:cT  '.i-s,:  whf-n  thevaw- 
,■.^^^,M  .-,  *.^*  •♦  V  ,  N -..^v  ,■  r.-'A',-^  i  ,r:t.:rso:j:c  :•:  Tie  muscntar 
,\XM,-  V  ^,«  \^  H^  *-•  *  *N  *-\^  '  .  't  :  \'.*  yrvji-O:*  &  fiiaiion  of  the 
s.i»    .^v    <». ,    M  ,s..'^',\    ,    .  V  »'   ^'.i:   :»'  ::.i  ii.'vjiav     Tii>  modeiat© 

j%'.Nx-s',  I    •' ,    u  •^,^  •,*  V  V  v»w-.    .,•    \\>fi<.>5s  :,'»:•;  .     "CTrii-r  :i  gives pl*^ 
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VaaO-motor  centre.  The  questions  now  arise :  How  is  this  tonic 
oonditioii  maintained,  and  what  is  the  exact  way  in  which  division 
of  a  vaso-motor  nerve  causes  'loss  of  tone'?  It  has  been  said  that 
division  of  the  cervical  sympathetic  trunk  causes  a  loss  of  tone  in  the 
arteries  of  the  corresponding  side  of  the  head  and  face.  This  loss  is 
evident  in  whatever  part  of  its  length  the  nerve  be  divided,  from  the 
upper  to  the  lower  cervical  ganglion  both  included.  The  effect  when 
ue  upper  cervical  ganglion  is  destroyed  or  removed  is  perhaps  even 
more  striking  than  when  the  trunk  only  is  divided.  Division  of  the 
sympathetic  trunk  below  the  inferior  cervical  ganglion,  as  for  instance 
section  of  the  thoracic  trunk,  does  not  produce  this  loss  of  tone  in  the 
vessels  of  the  face,  which  however  is  produced  by  the  division  of  the 
nuni  communicantes,  passing  from  the  lower  cervical  and  upper  dor- 
sil  spinal  cord  to  the  inferior  cervical  ganglion.  Section,  moreover, 
of  a  lateral  half  of  the  spinal  cord  in  the  cervical  region  produces  loss 
^  tone  in  the  vessels  of  the  face  of  the  same  side ;  and  a  section  ear- 
ned r^ht  across  the  spinal  cord  in  this  region,  causes  loss  of  tone  on 
In^  sides  of  the  head.  The  same  effect  is  seen  wherever  the  section 
rf  the  cord  be  made  between  a  lower  limit,  at  the  level  of  lower  cer- 
^^  and  upper  dorsal  vertebrae,  and  a  higher  limit  in  the  medulla 
oblongata,  of  which  we  shall  speak  directly.  Section  of  the  parts 
*bove  and  below  these  limits  has  no  such  effect. 

Patting  all  these  facts  together,  the  simplest  explanation  seems 
*^  be  as  foUowB : 

Under  normal  conditions,  a  certain  tonic  influence  is  continually 

beisg  generated  in  a  portion  of  the  cerebro-spinal  system,  situate  at 

7^0  upper  part  of  the  medulla  oblongata.    This  influence  is  as  con- 

untiaUy  passing  down  the  cervical  spinal  cord,  leaves  the  cord  by  the 

'^^Ocii  communicantes  (the  paths  here  being  somewhat  variable),  and 

^^Oending  the  cervical  sympathetic,  reaches  the  arteries  of  the  head 

^^d  fstoe.    The  result  or  this  influence  is  to  keep  these  arteries  in  a 

'^te  of  tonic  contraction.    If  by  any  of  the  sections  spoken  of  above, 

^(^  path  is  broken,  the  vaso-motor  tract  is  interrupted,  and  in  con- 

■^uence  the  arteries,  deprived  of  the  wonted  influence,  lose  their 

^tie  and  dilate.     Similarly  with  the  other  vascular  areas.    The  vaso- 

''^otor  influences  governing  the  vessels  of  the  lower  limbs  have  been 

^''^^ced  back  with  more  or  less  distinctness  along  the  sciatic  and 

^'"Ural  nerves,  through  the  lumbar  and  sacral  plexuses,  and  so  into  the 

spinal  cord. 

It  is  possible  however  that  influences  may  pass  out  of  the  cord  higher 
^P  into  the  abdominal-  sympathetic,  and  thence  join  the  sciatic  in  the 
P^vif,  or  pursue  a  separate  course  along  sympathetic  nerves  direct  to  the 


The  vaso-motor  influences  to  the  arm  again  may  be  traced  back 
^  the  spinal  cord  along  the  brachial  plexus. 

Here  also  apparently  influences  may   pass  downwards   through   the 
^^'^'vical  sympathetio  by  branches  joining  the  brachial  plexus,  and  al^  u^ 
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wards  along  the  thoracic  flympathetic  hj  branches  leaTing  the  qmial  cor 
bv  the  anterior  roots  of  tiie  3rd  to  7tii  dorsal  nerres.  lliese  agun  m 
possibly  pass  in  part  directly  to  the  veasela  bj  a  porelj  aympalhetic  tncb 

The  vaso-motor  influences  to  the  intestine  may  be  traced  hie 
along  the  splanchnic  nerves  to  the  spinal  cord.  From  all  these,  an 
other  various  parts,  the  influences  may  be  traced  back  up  the  oof 
to  the  medulla  oblongata.  Hence,  section  of  the  spinal  cord  in  tk 
dorsal  region,  above  the  exit  of  the  nerves  of  the  sacral  and  lumbi 
plexuses,  causes  loss  of  tone  in  the  blood-vessels  of  the  lower  limb 
section  still  higher  up  in  the  dorsal  n^on  causes  in  addition  losi  < 
tone  in  the  arteries  governed  by  the  splanchnic  nerve.  Section  i 
the  upper  cervical  region  adds  to  this  loss  of  tone  of  the  vessels  < 
the  fore  limbs,  and  so  on.  Section  in  fact  of  the  medulla  oblongil) 
or  of  the  cord  immediately  below  the  medulla,  causes  loss  of  tone  a 
over  the  body,  as  shewn  by  the  great  diminution  of  the  periphen 
resistance  leading  to  a  large  sinking  of  arterial  pressure  and  an  aoa 
mulation  of  blood  in  the  venous  svstem.  Section  of  the  crura  oerdi 
above  the  medulla  oblongata,  i,  e.  above  the  upper  limit  spoken  ( 
above*  produces  no  such  lasting  loss  of  tone,  thou^  it  may  have  i 
immediate  and  passing  effect. 

These  additional  &cts  seem  in  turn  to  be  most  eaaly  exphdne 
by  supposing  that  thei^  exists  in  the  medulla  oblongata  a  voM-mA 
cffitre  jkresumably  a  group  of  ganglionic  oelIs\  whence  tonic  infli 
onces  are  continually  proceeding  to  arteries  all  over  the  body,  as 
maintaining  the  tone  of  all  the  vascular  areas  supplied  by  tha 
jiricries, 

i>R^JAnnikow'*  has  attempted  to  denne  the  limits  of  sudi  a  centre.  I 
plac«»  the  lowtY  limit  in  the  rabbit  at  4  or  5  mm.  above  the  point 
th«  caUnui»  doriptorins.  and  the  higher  limit  at  about  4  mm.  higher  « 
\~i&  I  or  :2  mm.  below  the  oorjvn  quadrii^emina.  The  centre  aooorfi 
to  him  is  biI,HT«^ral.  the  halves  Wine  pUced  not  in  the  ini.MV>  line  but  no 
jsidow^iy^  and  rnthor  nesirer  the  anterior  than  the  pogierior  anrfiwe.  T 
taots  whioh  l«\i  vVon  to  Ivlieve  thai  the  raso-moTor  centre  extended  hi^ 
up  into  tho  brair.«  fnvm  ct^^^ib'.e  of  being  otherwise  exy^lained. 

Suoh  ,n  v^v^v-moTor  conrro  has  an  ana!>rae  in  the  intrim 
gnnj:1irt  of  tb.o  ho,^n,  ar..i  a  s::'/.  clc«scr  oiie  in  ihe  lespiratoir  centi 
ot  whioh  wo  ^h;iil  sjvak  hcrvAficr. 

Tho  A^n«tv^ior.  bo:wvor.  a  rhTthru.:,?  as*!  a  toiJc  action  is  verv  dose:  i 
that  tho  rhTthiuu'nl  ^-ariaTix-^ns  :a  arr«r:«i  oeacribed  aK-^ve  may  be  regno 
a*  s^"»^4al  crrisos  ^>f  toi^io  aotiv^^  the  toiaic  Se-ing  possibly  converted  into 
rhvthmic  wiov«^wor.t  in  tho  artc-rtes  :}i<^r.Y«2res. 

Tho  ovistoiuv   of  *\:oh   a  o^^wr-.jj'  vaaviavvior  cesitre  in   the  mdni 

m 

MK^n^Vk  i*  :^^t  %^^v,t^fcxi^■^<^i  Vy  tho  s',:y.rv>jdi2,Tc  that  the  spinal  cord  a« 
aol  a*  a  *>vv,i5v  v.i  «vc-al  ^-^^o-tooTvNT  Avtictts.  as  for  instance  when  d 
himlvar  Ov^^^i  s^rx-wi  a*  a  cov.iw  fx*c  r»r:5ex  risi>riotor  actionsi  if  no*  * 
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an  «i.atomatic  tonio  centre  for  the  blood-yessels  of  the  lower  limbs  after 
di^^xsioii  of  the  cord  in  the  dorsal  region  \  In  the  frog,  indeed,  any  part 
of  -tblie  spinal  cord  seems  to  act  so  readily  as  a  vaso-motor  centre',  that 
it  TM^jBj  be  doubted  whether  we  are  justified  in  speaking  of  that  animal  as 
potMKMmng  a  general  medullary  vaso-motor  centre.  And  even  in  the  mam- 
sukl  it  is  possible  that  the  medullary  vaso-motor  centre  is  not  so  domiiiant 
as,  xsi  the  description  given  above,  it  is  represented  to  be.  In  the  first 
plaoe  the  vascular  area  governed  by  the  splanchnic  nerves  is  so  capacious 
thik^  the  removal  of  the  tonic  influence  exerted  by  those  nerves  may  produce 
a  fciJJ  of  arterial  pressure  almost  as  large  as  that  caused  by  the  loss  of  tone 
oveir  the  rest  of  the  body;  so  that  the  effects  of  loss  of  tone  in  the 
iplsijichnic  area  (and  the  vaso-motor  centre  of  this  area  seems  undoubtedly 
to  lie  in  the  medulla  oblongata)  might  easily  be  confounded  with  the  effects 
ef  loss  of  tone  in  the  body  generally.  In  the  second  place,  in  the  experi- 
mei^'fai  entailing  section  of  the  spinal  cord  in  various  regions,  sufficient  care 
lias  perhaps  not  been  taken  to  distinguish  between  the  immediately  tem- 
Y^fTBkxj  (paralysing)  and  the  ultimate,  permanent  effects  of  the  operation. 
Thixs  the  loss  of  tone  in  the  lower  limbs  which  is  apparent  immediately 
iftep  section  of  the  dorsal  cord  is  in  large  measure  at  least  temporary.  It 
is  Kxi.ore  than  probable  that  future  inquiries  will  restrict  the  medullary 
vasio^iiiotor  centre  on  the  one  hand  to  being  a  real  centre  for  special  areas 
racla  as  the  splanchnic,  and  on  the  other  to  possessing  general  functions  of 
^  co-ordinating  character  only*. 

Admitting  for  the  present  the  existence  of  such  a  centre,  and  of 

racli.  a  tonic  influence^  it  is  obvious  that  though  it  is  permissible  to 

sp^ciJc  of  a  constant  or  habitual  influence  keeping  up  what  may  be 

call^ct  an  average  arterial  tone,  the  amount  of  this  influence  must 

froQci.  time  to  time  vary  in  both  directions,  being  at  one  time  aug- 

nieT^-ted,  and  at  another  diminished  or  wholly  suppressed.     Further, 

altbkoueh  the  nervous  mechanism  under  discussion  may  be  spoken 

of  a^a  the  vaso-motor  centre  of  all  the  arteries  of  the  body,  it  must  in 

reality  be  not  a  simple  centre  but  a  group  of  minor  centres,  more  or 

lc«*  ooordinate  to  each  other,  each  minor  centre  governing  a  particular 

▼a»<5xilar  area.    This  indeed  is  the  very  essence  of  its  usefulness.    All 

^^    S^Kxl  that  could  come  out  of  an  unvarying  tone  could  be  equally 

«upj>iied  by  the  mere  mechanical  properties  of  the  arteries.     The 

obj^cst  of  the  vaso-motor  mechanism  is  not  so  much  to  maintain  a 

norr^^  tone  as  to  vary  that  tone,  so  that  particular  arteries  may 

^i**^in  or  narrow  according  to  the  needs  of  the  economy.     The  tonic 

^^ons  of  all  the  arteries  are  gathered  up  into  a  centre  in  order  that 

^^y  may  be  more  readily  affected  by  diverse  influences  proceeding 

froin^  all  parts  of  the  body.    As  a  matter  of  fact,  we  find  that  just  as 

ih^  heart  is  affected  either  in  the  way  of  inhibition  or  of  acceleration 

M  influences  reaching  it  along  certain  nerves,  so  the  action  of  the 

^•^o-motor  centre  may  be  exalted  or  depressed  by  nervous  influences 

^^^^hing  it  from  various  sentient  surfaces. 

^  Oolts,  Pfltiger'8  Archiv,  Tm.  460.    See  also  references,  p.  167* 

■  LUter,  Pkil.  Tram.,  1858.    Part  n.  p.  607. 

*  Ct  HeMenhain,  SfindU  Cfefdi§reJUxe.    Pfl1iger*8  Arohiv,  xn.  (lB7Tj  p.  &1^ 
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In  one  important  feature  the  behaviour  of  the  yaso-motor  centre 
differs  from  that  of  the  heart  It  is  necessary  that  the  heart  should 
have  an  automatic  action,  that  it  should  go  on  beating,  tbong^  no 
influences  are  being  brought  to  bear  upon  it  from  the  rest  of  the  body. 
There  is  no  necessity  however  for  the  vaso-motor  centre  to  posBess 
any  automatism  of  its  own,  irrespective  of  events  taking  place  in  the 
rest  of  the  body.  Unless  it  is  capable  of  being  subjected  to  some 
influences  from  without,  unless  the  tonic  action  which  it  exercises 
is  capable  of  being  either  depressed  or  exalted  as  far  as  some  vascolir 
area  or  other  is  concerned,  its  presence  is  not  needed.  Its  purpose  as 
a  centre  is  served  if  it  simply  acts  as  a  centre  of  reflex  action, 
mediating  between  afferent  nerves  bringing  to  it  afferent  impulses 
and  vaso-motor  nerves  supplying  vascular  tracts.  Hence  the  ques- 
tion, whether  the  vaso-motor  centre  is  really  an  automatic  or  merelj 
a  reflex  one,  is  a  question  of  secondary  consideration.  The  important 
fact  is,  that  by  means  of  it  as  a  centre,  afferent  impulses  may  exalt  or 
depress  arterial  tone.  To  which  we  may  add  the  not  less  important 
fact,  that  the  depressing  or  exalting  influence  thus  exercised  may  be 
brought  to  bear  either  on  the  whole  vascular  system  or  on  particular 
vascular  areas. 

Since  in  the  living  mammal  the  width  of  the  arteries  can  rarely 
be  seen  or  measured,  and  we  are  therefore  compelled  to  judge  of  the 
constriction  or  dilation  of  an  artery  by  its  effects,  we  must,  before 
giving  the  proofs  of  the  statement  just  made,  point  out  briefly  what 
are  the  effects  of  the  constriction  or  dilation  of  an  artery.  These 
are  both  local  and  generaL 

Let  us  suppose  that  the  artery  J.  is  in  a  condition  of  normal  tone, 
is  midway  between  constriction  and  dilation.  The  flow  through  A 
is  determined  by  the  resistance  in  A  and  in  the  vascular  tract  which 
it  supplies,  in  relation  to  the  mean  arterial  pressure,  which  again 
is  dependent  on  the  way  in  which  the  heart  is  beating  and  on 
the  peripheral  resistance  of  all  the  small  arteries  and  capillaries, 
A  included. 

If,  while  the  heart  and  the  rest  of  the  arteries  remain  unchanged 
A  be  constricted,  the  peripheral  resistance  in  A  will  increase,  and 
this  increase  of  resistance  will  lead  to  an  increase  of  the  general 
arterial  pressure.  This  increase  of  pressure  will  tend  to  cause  the 
blood  in  the  body  at  large  to  flow  more  rapidly  from  the  arteries  into 
the  veins.  The  constriction  of  A  however  will  prevent  any  increase 
of  the  flow  through  it,  in  fact  will  make  the  flow  through  it  less 
than  before.  Hence  the  whole  increase  of  discbarge  from  the  arterial 
into  the  venous  system  must  take  place  through  channels  other  than 
A.  Thus  as  the  result  of  the  constriction  of  any  artery  there  occur, 
(1)  diminished  flow  through  the  artery  itself,  (2)  inciiiued  geneisl 
arterial  pressure,  leading  to  (3)  increased  flow  through  the  other 
arteries.  If,  on  the  other  hand,  A  be  dilated,  while  the  heart  and 
other  arteries  remain  unchanged,  the  peripheral  resistance  in  il  is 
diminished.   This  leads  to  a  lowering  of  the  general  arterial  pressure, 
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^  in  turns  causes  the  blood  to  flow  less  rapidly  from  the  arteries 
>  the  veins.  The  dilation  of  A  however  permits^  even  with  thQ 
ered  pressure,  more  blood  to  pass  through  it  than  before.    Hence 

diminished  flow  tells  all  the  more  on  the  rest  of  the  arteries. 
U9,  as  the  result  of  the  dilation  of  any  artery,  there  occur  (1)  in- 
Lsed  flow  of  blood  through  the  artery  itself,  (2)  diminished  general 
isure,  and  (3)  diminished  flow  through  the  other  arteries.     Where 

artery  thus  constricted  or  dilated  is  small,  the  local  effect^  the 
linution  or  increase  of  flow  through  itself,  is  much  more  marked 
Q.  the  general  effects,  the  change  in  blood-pressure  and  the  flow 
>i]gh  other  arteries.  When,  however,  the  area  the  arteries  of 
cL  are  affected  is  large,  the  general  effects  are  very  striking. 
IS  if  while  a  tracing  of  the  blood-pressure  is  being  taken  by 
U[is  of  a  manometer  connected  with  the  carotid  artery,  the 
knchnic  nerves  be  divided,  a  conspicuous  but  steady  fall  of  pressure 
observed,  very  similar  to  that  which  is  seen  in  Fig.  35.  The 
ion  of  the  splanchnic  nerves  cuts  off  the  mesenteric  arteries  from 
ir  vaso-motor  centre.  They  in  consequence  dilate,  and  the  arteries 
emed  by  the  splanchnic  being  very  numerous,  a  large  amount 
peripheral  resistance  is  thus  ttJcen  away,  and  the  blo<xi-pressure 
1  accordingly,  a  large  increase  of  flow  into  the  portal  veins  takes 
^,  and  the  supply  of  blood  to  the  face,  arms,  and  legs  is  proper- 
uUly  diminished.  It  will  be  observed  that  the  dilation  of  the 
(lies  is  not  instantaneous  but  somewhat  gradual,  the  pressure 
dug  not  abruptly  but  with  a  gentle  curve. 
Xf  the  spinal  cord  be  divided  below  the  medulla  all  the  arteries  of 

body  are  cut  off  from  the  vaso-motor  centre.  All  the  arteries 
^ously  governed  by  that  centre  dilate  and  the  blood-pressure  falls 
Bt  very  Tow  point.     From  the  lack  of  due  peripheral  resistance 

blood  flows  readily  from  the  arteries  into  tne  veins,  the  bead  of 
od,  to  borrow  a  phrase  from  the  engineers,  in  the  arteries  cannot 

g^t  up,  and  hence  much  more  blood  is  retained  in  the  venous 
ttem  than  under  normal  conditions. 

If  during  the  low  pressure  caused  by  division  of  the  splanchnic, 
^  peripheral  stump  of  the  nerve  be  stimulated  with  the  inter- 
pted  current,  the  intestinal  arteries  contract  again  to  or  beyond 
^ir  former  calibre^  they  offer  in  consequence  a  peripheral  resistance 
)ial  to  or  greater  than  the  normal,  the  pressure  m  the  carotid  is 
leased,  and  while  less  blood  passes  to  the  intestine,  more  flows 
^Ti?h  the  face  and  limbs.  So  also  when  after  division  below  the 
^ima  the  lower  cut  surfEtce  of  the  spinal  cord  is  stimulated,  there 

general  constriction  of  all  the  arteries^,  a  general  increase  of 
distance,  the  blood  once  more  gathers  head  in  the  arterial  system^ 
d  the  pressure  in  the  arteries  rises  again. 

In  both  the  cases  just  cited  the  heart  is  supposed  to  continue  to 

^  This  itatemeiii  ii  poBsibly  too  generaL  There  are  some  reasons  for  thinking  that 
Kipiratiipelj  liUle  eonstrietion  ooonrs  in  the  arteries  supplying  muscles.  Gaskeil, 
mu  AmaU  and  Pk$$.  zl  (X877),  p.  7aa 
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beat  with  regularity,  independent  of  the  changes  going  on  in  the 
arteries.  Hence  when  as  the  result  of  the  stimulation  of  an  afferait 
nerve  there  occurs  a  rise  or  a  fall  of  general  blood-pressure  unaoonn* 
panied  by  any  marked  changes  in  the  beat  of  the  hearty  we  may 
safely  infer  that  the  afferent  impulses  started  by  the  stimulation 
have  travelled  to  the  vaso-motor  centre  and  there  exalted  or 
diminished  the  tone  of  some  vascular  tract, 

A  very  characteristic  instance  of  such  an  action  is  seen  in  the 
results  of  stimulating  the  depressor  nerve  in  the  rabbit.  If  while  the 
pressure  in  an  artery  such  as  the  carotid  is  being  registered,  the 
depressor  nerve,  which  is  a  branch  of  the  vagus  running  alongside  the 
carotid  artery  and  sympathetic  nerve  (Fig.  31.  n.  cfep.)^  be  divided, 
and  its  central  end  (i.^.  the  one  connected  with  the  brain)  be  stimu- 
lated with  the  interrupted  current,  a  gradual  but  marked  fidl  of  prei- 
sure  in  the  carotid  is  observed,  lasting,  where  the  period  of  stimnlflr- 
tion  is  short,  some  time  after  the  removal  of  the  stimulus  (Fiff.  So). 
Since  the  beat  of  the  heart  is  not  markedly  changed,  the  fall  oi  jxres- 
sure  must  be  due  to  the  diminution  of  peripheral  resistance  occasi(»ed 
by  the  dilation  of  some  arteries.  If  the  splanchnic  nerves  an 
divided  previous  to  the  experiment,  the  fall  of  pressure  when  the 
depressor  is  stimulated  is  very  smaU,  in  fact  almost  imdgnificant  The 
inference  from  this  is  clear;  tne  depressor  nerve  exerts  the  depieaBDg 
action  on  blood-pressure,  which  gives  it  its  name,  by  causing  a  dila- 
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J*io.  85.    Tracing  shiwino   tsk  Effect  on  Blood-pbessurb  of  STiMULiinra 

CENTRAL  END  OF  THE  DePREBSOB  NeRYE  IN    THE   BaSBIT. 

(To  be  read  from  right  to  left.) 

T  indicates  the  rate  at  whioh  the  recording  surface  was  travelling;  the  int         _ 
marked  correspond  to  seconds.    C  the  moment  at  which  the  enrrent  was  thro*^^ 
into  the  nerve ;  O  the  moment  at  which  it  was  shut  off.    The  effect  is  vome  Uu^^^ 

(        in  developing  and  lasts  after  the  enrrent  has  been  taken  oft.    The  larger  nndul^  " 
tions  are  the  respiratory  curves ; — the  pulse  oscillations  are  veiy  small. 

tion  of  the  intestinal  arteries  through  the  agency  of  the  splanchn**-^ 
nerves.    The  point  of  union  between  the  two  nerves,  the  depre«c^^ 
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od  the  Bplaochnic,  is  in  the  vaso-motor  centre  of  the  medulla.  Hence 
■e  may  say  that  the  afferent  impulses  reaching  the  vaso-motor  centre  ^ 
uough  the  depressor,  depress  or  inhibit  a  portion  of  that  centre,     V 

>  Uiat  the  toDio  impulses  cease  to  pass  down  to  the  splanchnic 
enree  with  their  wonted  vigour. 

The  depressor  nerve  is  a  special  nerve,  one  specially  connected  with 
le  vaso-motor  centre,  and  having  a  special  and  constant  function, 
isL  always  to  depress  or  lower  tonic  action.  But  all  the  afferent 
erves  of  the  body  are  more  or  less  closely  connected  with  the 
B80-motor  centre.    Stimulation  of  almost  any  afferent  nerve  is  found 

>  affect  blood-pressure,  even  while  the  heart's  beat  remains,  un- 
aanged ;  that  is,  the  stimulation  of  the  afferent  nerve  influences 
iroogh  the  vaso-motor  centre  the  tone  of  some  vascular  tract. 
he  influence  may,  according  to  circumstances,  be  in  the  way  either 
r  inhibition  or  exaltation.  Thus  if  the  central  stump  of  the  divided 
iatic  (or  any  other  nerve  containing  afferent  fibres)  be  stimulated 
nder  urari,  a  rise  of  pressure,  sometimes  almost  the  exact  reverse  of 
le  fall  caused  by  stimulating  the  depressor,  is  observed.  The  curve 
*  the  blood-pressure,  after  a  latent  period,  rises;  it  begins  to  rise  with- 
it  any  change  in  the  heart's  beat,  gradually  reaches  a  maximum,  and 
%er  a  while  slowly  Calls  again,  even  though  the  stimulation  be  still 
ept  on.  So  constant  is  this  result,  that  it  has  proved  of  great  value 
i  determining  the  existence  of  afferent  fibres  in  any  given  nerve, 
Did  even  the  paths  of  centripetal  impulses  through  the  spinal  cord. 
^  on  the  other  hand,  the  animal  be  under  chloral  instead  of  urari,  a 
ill  quite  similar  to  that  caused  by  stimulating  the  depressor  is 
beerved  instead  of  a  rise.  Thus,  according  to  the  condition  of  the 
raso-motor  centre,  or  to  circumstances  affecting  it,  the  same  stimula- 
^on  of  the  same  nerve  may  at  one  time  produce  a  fall,  and  at  another 
8k  rise  of  blood-pressure,  i.e.  may  either  depress  or  exalt  the  action  of 
the  centre. 

The  causes  of  this  difference  are  not  yet  clearly  worked  out.  Yaria- 
Bona  in  respiration  will  not  explain  it.  Nor  can  the  solution  be  found  by 
apposing  that  in  urari  poisoning  cerebral  functions  are  active  while  in 
^or^X  poisoning  they  are  in  abeyance.  If  the  brain  be  removed  without 
iQch  hleeding,  subsequent  stimulation  of  a  sensory  nerve  under  urari  still 
^"^a  a  rise  of  pressure.  If  there  be  much  bleeding  however  a  fall  is 
to^ased.  This  suggests  the  idea  that  after  bleeding  and  under  chloral, 
\  ^^aso-motor  centre  is  enfeebled  or  exhausted,  and  that  stimulation  of  the 
^^l)led  or  exhausted  centre  always  causes  depression.     This  view  is  sup- 

^  by  the  fact,  that  in  ordinary  stimulation  under  urari  the  decline  of 

Ise  appears  sooner,  the  more  often  the  stimulation  is  repeated,  and  that 
many  repetitions  the  decline  passes  into  a  distinct  fall,  and  at  last 

« fall  is  observed  ^ 

n  the  instances  just  quoted,  the  effect  of  the  stimulation  of  the 
^"'^nt  nerve  may  be  spoken  of  as  a  general  one ;  it  is  the  general 

^  Cf.  Laiiohenberger  v^d  Deahna,  Pfliiger*8  Arehiv^  zii.  (1876^  p.  151. 
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blood-pressure  which  is  diminished  or  increased ;  though  in  the  case 
of  the  depressor  at  all  events  the  splanchnic  nerves  and  intestinal 
vessels  are  the  chief  accents  in  the  matter,  it  beinir  the  particakr 
part  of  the  vaso-motor  centre  govenung  the  spli2ic  areaSrtddiis 
chiefly  if  not  exclusively  affected  by  the  afferent  impulses. 

There  are  however  some  remarkable  changes  where  a  local  effect 
can  be  readily  distinguished  from  the  general  effect^  because  the  two 
are  in  opposite  directions.  Thus  if  in  a  rabbit  under  urari,  tlie 
central  stump  of  the  auricularis  magnus  nerve  or  of  the  auriculani 
posterior  be  stimulated,  the  rise  of  general  pressure  which  is  caused 
by  the  stimulation  of  this  as  of  any  other  afferent  nerve,  is  aooom* 
panied  by  a  dilation  of  the  arterv  of  the  ear.  That  is  to  ray,  the 
afferent  impulses  passing  along  the  auricular  nerve  while  afl&cting 
the  vaso-motor  centre  in  general,  so  as  to  cause  constriction  of  many 
of  the  arteries  of  the  bodv  (but  chiefly  probably  the  splanchnic  vessels), 
at  the  same  time  so  affect  that  particular  part  of  the  centre  which 
governs  the  artery  of  the  ear,  as  to  lead  to  the  dilation  of  that 
vessel. 

According  to  Lov^n\  to  whom  we  are  indebted  for  this  observstian,  the 
local  dilation  in  the  ear  is  preceded  by  an  initial  constriction.  A  suniikr 
initial  constriction  has  been  witnessed  in  other  cases  of  reflex  dilation. 

So  also  in  the  same  animal  stimulation  of  branches  of  the 
tibial  nerve  causes  dilation  of  the  saphena  artery,  together  with* 
constriction  of  other  arteries,  as  shewn  by  the  concomitant  rise  of 
pressure.  And  there  are  probably  innumerable  instances  of  the  same 
kind  of  action  going  on  in  the  body  during  life,  for  it  is  evident  that 
the  increased  flow  of  blood  to  the  organ  which  is  the  object  of  the 
local  dilation,  must  be  assisted  if  a  general  constriction  is  at  the 
same  time  taking  place  in  other  regions. 

The  general  effect  may  not  always  be  obvious,  may  perhaps  be 
often  absent,  so  that  the  local  dilation  or  constriction,  as  the  caae 
may  be,  is  the  only  obvious  result  of  the  vaso-motor  action.  When 
the  ear  of  the  rabbit  is  gently  tickled,  the  effect  that  is  seen  is  a 
blushing  of  the  ear,  and  though  this  may  be  in  part  due,  as  we  shall 
see,  to  the  action  of  a  local  mechanism,  the  case  we  have  just  cited 
shews  that  the  vaso-motor  centre  must  be  largely  engaged.  "When 
the  right  band  is  dipped  in  cold  water,  the  temperature  of  the  1^ 
hand  falls,  on  account  of  a  reflex  constriction  of  the  vessels  of  the 
skin  of  that  hand  caused  by  the  stimulus  applied  to  the  other.  Many 
more  instances  might  be  quoted,  and  we  shall  again  and  again  come 
upon  examples.  The  numerous  pathological  phenomena  dassed 
under  sympathetic  action,  such  as  the  aJSection  of  one  eye  by 
disease  in  the  other,  are  probably  in  part  at  least  the  results  of 
reflex  vaso-motor  action. 

We  have  said  enough  to  shew  that  the  calibre  of  the  smaW 
arteries,  which  by  determining  the  peripheral  resistance  forms  ot^^ 

^  Lodwig's  ArbeiUn^  IS661 


3haf.  it.]  the  TASCULAR  MECHANISM.  165 

mportant  factor  reealating  the  flow  of  blood,  is  subject  to  Influences 
iroceeding  firom  iiU  parts  of  the  body,  the  influences  reaching  the 
arteries  in  a  reflex  manner  by  means  of  the  vaso-motor  centre,  the 
fferent  impulses  being  for  the  most  part  carried  by  ordinary  sensory 
lervesy  while  the  e&rent  impulses  pass  along  special  vaso-motor 
ierves»  which,  though  the  vaso-motor  centre  lies  in  the  medulla 
UoBgata,  have  a  great  tendency  to  run  in  sympathetic  tracts. 
rorther,  since  the  effects  may  be  either  local  or  general,  the  local 
leing  frequently  opposite  to  the  general,  there  is  fair  reason  for 
flsuming  that  the  yaso-motor  centre  is  a  multiple  centre,  composed 
f  minor  centres  goyeming  particular  yascular  areas,  so  associated 
ogether  that  they  may,  according  to  circumstances,  act  either  to- 
lether  or  apart 

The  reader  can  now  appreciate  the  kind  of  proof  offered  by  Owsjannikow 
lea  p.  158)  of  the  limits  of  the  medullary  yaso-motor  centre.  The  rabbit 
eing  placed  under  urari,  rise  of  pressure  is  seen  to  follow  upon  stimulation 
f  the  central  stump  of  the  sdatio.  The  amount  of  rise  is  not  materially 
flfocted  by  sections  of  the  brain  above  the  upper  limit  of  the  centre.  The 
wtions  being  continued  downwards,  so  soon  as  the  centre  is  reached  a 
iminution  in  the  reaction  is  observed;  and  when  the  section  passes 
liroiigh  the  lower  limit,  stimulation  of  the  sciatic  has  no  effect  whatever. 

The  afferent  impulses  of  course  need  not  start  from  the  peri- 
heral  nerve-endings.  They  may  arise  anywhere,  as  for  instance  in 
lie  brain.  Thus  an  emotion  originating  in  the  cerebrum  may  either 
ihibit  or  exalt  that  portion  of  the  vaso-motor  centre  which  governs 
lie  vascular  areas  of  the  head  and  neck,  and  thus  call  forth  either 
lushing  or  pallor.  Nay  more,  changes  may  be  induced  in  the  vaso- 
lotor  centre  itself  without  the  need  of  any  impulses  reaching  it  from 
"ithout.  When  we  come  to  discuss  the  relations  of  respiration  to  the 
irculation,  we  shall  see  reason  to  think  that  the  vaso-motor  centre 
lay  be  directly  affected  by  the  condition  of  the  blood  passing  through 
^  If  the  quantity  of  oxygen  in  the  blood  be  reduced,  the  tonic 
etion  of  the  yaso-motor  centre  is  increased,  a  general  arterial  con- 
triction  takes  place,  and  a  rise  of  blood-pressure  follows.  The  return 
if  oxygen  to  the  blood,  on  the  other  hand,  lessens  the  action  of  the 
»ntre;  the  vessels  dilate  and  pressure  falls.  We  shall  return  to  these 
phenomena  later  on. 

It  is  more  than  probable  that  many  substances  introduced  into  the 
blood,  or  arismg  in  the  blood  from  natural  or  morbid  changes,  may  affect 
tdood-preiBure  by  acting  directly  on  the  vaso-motor  centre. 

Local  Yaso-xnotor  mechaniiaiUU  Although  this  central  and  gene- 
ral vaao-motor  mechanism  must  play  the  chief  part  in  the  regulation 
'>(  the  blood-supply  to  various  organs,  there  are  phenomena  which 
^eerxi  to  compel  us  to  admit  the  existence  of  local  peripheral  vaso- 
motor centres.    An  example  of  this  is  seen  in  the  so-called  nervi 

1  EeUuurd,  BeitrUge,  m.  (18G8)  128. 
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The  erection  of  the  penis  is,  putting  aside  the  snbsidiai^  action  o{ 
muscular  bands  in  restraining  tne  outflow  through  the  yeins,  diefly 
due  to  the  dilation  of  branches  of  the  pudic  arteries,  whereby  a  large 
quantity  of  blood  is  discharged  into  the  venous  sinuses.  Erectioa 
may  in  the  dog  be  artificially  produced  by  stimidating  the  periphml 
ends  of  the  divided  nervi  erigentes,  which  are  branches  firom  the  fint 
and  second  and  sometimes  from  the  third  sacral  nerve  passing  acron 
the  pelvis.  On  applying  the  interrupted  current  to  toe  peripheral 
ends  of  these  nerves,  the  corpora  cavernosa  at  once  become  tomd 
Evidently  the  efferent  impulses  passing  along  the  nerves  cause  dila- 
tion by  inhibiting  the  local  tone.  This  local  tone  is  not  destroyed 
by  the  section  of  these  or  any  other  nerves;  it  is  therefore  inde- 
pendent of  the  spinal  cord  and  of  the  general  vaso-motor  centie. 
We  infer  therefore  that  the  local  tone  is  maintained  by  some  local 
mechanism,  some  local  vaso-motor  centre  (probably  a  ganglionic 
group),  whose  action  is  inhibited  by  impulses  reaching  it  along  the 
nervi  erigentes,  iust  as  the  medullary  vaso-motor  centre  is  inhibited 
by  impulses  reaching  it  along  the  depressor  nerve. 

The  somewhat  similar  case  of  the  submaxillary  gland  we  shall 
have  to  discuss  more  fully  hereafter.  At  present  we  may  say  that 
the  circulation  in  the  gland  appears  also  to  be  independent  of  the 
general  vaso-motor  centre,  and  to  be  governed  by  a  vaso-motor  centre 
of  its  own.  Stimulation  of  the  chorda  tympani  inhibits  that  local 
centre,  and  without  producing  any  other  change  in  the  general 
circulation  of  the  body,  causes  an  abundant  flow  through  the  g^and. 
Stimulation  of  the  cervical  sympathetic,  on  the  other  hand,  exalts  the 
local  centre,  and  diminishes  the  flow  through  the  gland;  strong 
stimulation  in  fact  almost  arrests  the  flow. 

In  the  exposition  of  vaso-motor  nerves  given  above,  the  muscolar  ooati 
of  the  arteries  are  considered  as  mere  passive  instruments  in  the  hands  of 
the  far  distant  cerebro-spinal  vaso-motor  centres,  with  which  they  are  con- 
nected merely  by  a  greater  or  less  length  of  simple  nerve-fibres.  There 
are  facts,  however,  which  clearly  shew  that  the  whole  matter  is  much  more 
complicated  in  nature. 

In  the  first  place,  the  dilation  (loss  of  tone)  which  follows  npon 
division  of  the  cervical  sympathetic,  though  it  may  remain  for  dajriy 
eventually  gives  way  to  a  retiun  of  tone.  The  vessels  resume  their  oidi- 
nary  calibre,  the  ear  regains  its  normal  pallor;  in  fact,  the  difierenoe,  in  a  caae 
of  unilateral  section  of  the  S3rmpathetiG,  between  the  two  sides  of  the  head, 
gradually  disappears,  and  that  too  even  when  the  upper  cervical  ganglioii 
has  been  removed  or  destroyed.  The  same  thing  occurs  after  division  of 
the  sciatic  in  the  mammal.  On  the  day  of  the  operation  the  difference  of 
temperature  between  the  hind  feet  of  the  two  sides  of  the  body  nuiy 
amount  to  four  or  ^yb  or  even  more  degrees ;  but  in  a  few  days  the  two 
feet  are  equal  in  warmth.  So  also  afber  division  of  the  dorsal  spinal  coid. 
At  first,  the  hind  limbs  are  warmer  than  the  fore  limbs,  but  after  a  soo- 
cessful  operation,  in  a  few  days  their  temperature  fieJls  until  it  becomes 
the  same  as  that  of  the  fore  limbs  and  the  rest  of  the  body.  The 
dilation  which  appears  in  a  muscle  after  severance  of  its  nerve  in  time 
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diaappean ;  and  a  recovery  of  tone  in  the  Teasels  of  the  frog  has  been  wit-: 
neeaied  even  after  complete  destruction  of  the  central  nervous  system.  In 
fiict^  aa  &r  as  we  know,  in  all  cases  the  loss  of  tonic  influence  which  follows 
ifter  section  of  a  vaso-motor  tract  is  a  temporary  one  only;  and  the 
return  of  tone  is  certainly  not  due  to  any  regeneration  of  the  nervous 
tract.  Farther,  this  restored  state  of  tone  is  susceptible  of  changes,  of 
augmentation  and  decrease,  like  the  original  intact  tone.  Thus  if  the  ear 
of  a  rabbity  to  which  tone  has  returned  after  section  of  the  sympathetic,  be 
gently  titillated,  the  ear  will  blush,  the  blood-vessels  will  dilate,  the  tone 
will  be  inhibited,  very  much  in  the  same  way  as  if  the  sympathetic  were 
eotira.  So  also  with  the  foot  of  a  dog  afber  section  of  the  sciatic,  tickling 
the  ball  of  the  toe  will  produce  a  temporary  suffusion.  In  the  frog,  where 
the  sdatio  has  been  divided,  a  stimulus  implied  to  the  web  will  cause, 
aooording  to  drcumstauces,  contraction  or  dilation  stretching  away  from 
the  point  to  which  the  stimulus  is  applied. 

All  these  feu^ts,  and  they  might  be  multiplied,  point  to  the  conclusion^ 
that  there  must  be,  in  all  cases,  present  in  or  near  the  small  arteries, 
perif^ieral  mechanisms,  capable  not  only  of  maintaining;  but  within  certain 
limits  of  regulating,  local  arterial  tone.  What  is  the  exact  nature  of  the 
k)cal  mechanism  cannot  at  present  be  distinctly  stated.  In  certain  cases,  t»g, 
the  frog's  web,  and  the  rabbit's  ear,  the  absence  of  ganglia,  at  least  of 
ordinary  ganglia,  can  be  safely  affirmed.  Nor  is  there  any  satisfiEustory 
for  referring  the  phenomena  to  ganglionic  action  in  other  cases. 
Bach  being  the  case,  the  question  arises,  What  then  is  the  exact  pro-' 
through  which  section  of  the  cervical  sympathetic,  for  instance,  causes 
dilation  of  the  vessels  of  the  eart  In  i^erenoe  to  this,  the  following 
Cute  deserve  attention. 

Stimulation,  by  the  interrupted  current^  of  the  peripheral  stump  of 
the  divided  cervical  sympathetic,  causes  constriction  of  tiie  blood-vessels. 
When  the  peripheral  stump  of  the  divided  sciatic  of  the  dog  is  stimulated 
with  a  somewhat  strong  current,  a  very  temporary  constriction  is  followed 
by  a  considerable  dilation ;  the  constriction  is  often  so  slight,  that  it  may 
be  overlooked.  In  the  case  of  the  sciatic  of  the  frog,  the  constriction  is 
often  very  great  and  the  subsequent  dilation  very  slight;  and  in  the 
mammal  by  beginning  with  a  wo&k  stimulus  and  ^pradually  increasing  its 
sliength,  constriction  may  be  maintained  for  some  time.  Stimulation  of 
the  peripheral  stump  of  the  divided  lingual  causes  in  the  mammal  dilation 
of  the  vessels  of  the  tongue,  without  any  foregoing  constriction;  the 
dilation  caused  by  section  is  simply  increased  by  subsequent  stimulation. 
Stimulation  of  the  hypoglossal,  on  the  other  hand,  section  of  which  also 
prodooes  dilation,  though  less  than  in  the  case  of  the  lingual  nerve,  is 
followed  by  constriction.  The  arteries  of  the  mylo-hyoid,  and  probably 
of  mil  other  muscles  of  the  frog*,  dilate  not  only  when  the  nerve  going 
to  the  muscles  is  cut,  so  as  to  sever  the  muscle  from  the  central  nervous 
system,  but  also  when  the  nerve  is  stimulated  either  by  the  interrupted 
eorreiit^  or  by  mechanical  or  chemical  stimuli ;  and  this  holds  good  also 
of  the  muscles  of  the  dog.  So  that  while  stimulation  of  a  branch  of  the 
sdatie  going  to  the  foot  causes  constriction,  the  dilation  only  appearing 
as  an  after  effect ;  the  same  stimulus  applied  to  another  branch  of  the 
same  nerve  going  to  a  muscle,  causes  dilation  without  any  previous  con- 

1  OaikeU,  W.  H.    Jwun,  A%aX.  and  PAy«.  s.  (1677),  p.  7^. 
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strietion,  thoiiij^  aomedniei  coostrictian  msj  Mk/w.     In  mA  cne  tbe 
alter  effisct  is  obrioos  onlj  wlien  stnmg  sdrnnli  are  emplojed. 

Tbiu  in  the  cue  even  of  those  nerrca,  the  aectioii  of  whidi,  ontMling 
MTveiunce  rA  the  Taacidar  tiact  which  thej  gofvem  from  the  oentnd  nflrrani 
fijHteiD,  caoMS  dihitioii,  rtimnlation  maj  produoe  eiUier  a  ooDstrictia&  or 
a  dilation  unaooompaoied  by  anj  constrictioii,  and  quite  simihtf  to  tlM 
dihition  caused  by  the  stimnlation  of  the  chorda  tympani  or  nerri  eri- 
gentes ;  the  diktion  caused  by  stimnlation  may  exoeed  that  resoltiDg  from 
section.  HometLmea,  again,  we  may  have  oonstrictiQQ  followed  by  dilstinn. 
IIow  are  these  differences  to  be  explained  t 

An  apparently  easy  way  of  eotdng  the  knot  thus  presented,  is  to  sappoie 
that  there  are  two  di»binct  kinds  of  yaso-motor  nerves,  constrictor  nerm 
and  dilator  nenresy  and  that  a  Taso-motor  tract  may  be  entirely  compoied 
of  one  kind,  or  oi  the  two  mixed  together.  Thna^  we  may  coikceiTe  that 
in  the  hypoglossal  and  cendcal  sympathetie,  constrictor  nerves  are  sloos 
|>resent,  or  are  present  in  great  excess ;  in  the  lingnal  and  moscolar  nerrei^ 
and  in  the  chonla  tympani,  dilator  nenres  only  ;  and  in  the  sciatic,  both 
constrictor  and  dilator,  the  dilator  being,  in  the  mammal,  somewiist  in 
exoens.  In  addition  to  this,  we  most  suppose  that  the  constrictor  nemi 
are  more  easily  excited  and  exhausted  than  the  dilatCMr  n^ves,  in  Older  to 
account  for  constriction  preceding  and  giving  way  to  dilation,  when  a 
trunk,  such  as  the  sciatic,  containing  both  kinds  of  nerves,  is  stimulated. 

Granting  the  existence  of  these  constrictor  and  dilator  fibrei^  the 
questiijn  still  remains.  Why  does  section  of  a  nerve,  such  as  the  soistic, 
produce  dilation  9 

Goltz'  has  observed,  that  if  a  day  or  two  after  section  of  the  sciatic^ 
when  tlio  vessels  are  beginning  to  regain  their  tone,  the  peripheral  stump 
1m)  a^iin  cut  or  snipped,   a  fresh  dilation,   indicated  by  a  fresh  rise  oif 
teniixsniture  in  the  foot^  takes  place.     By  making  a  series  of  cnts  along  the 
nerve,  fix>ni  tlie  cut  end  towaids  the  periphery,  by  crimpuog  it  in  fiict^  he 
succeeded  in  obtaining  a  rise  of  several  d^^ea.      Here  evidently  mere 
iMtetion  of   the  nerve  stimulated  the  supposed  dilator  fibres.     I^^eaning 
on  tliis  ol>Hervation  Goltz  has  drawn  the  conclusion  that  the  initial  dila- 
tion   consequent    on    division    of   the  sciatic,    is    entirely    due    to  die 
«MMrtion  Htimulating  the  dilator  fibres,  and  not  at  all  to  the  withdrawal  of 
liny  tonic  influence.     He  has  further  extended  this  view,  so  as  to  refer  all 
tone  to  i>eripheral  mechanisms  of  some  kind  or  other,  and  to  convert  the 
tonic  onntre  of  the  medulla  (and  of  the  spinal  cord)  to  a  reflex  centre  for 
roniitri(a<»r  and  dilator  fibres.     Thus  blushing  is,  according  to  him,  the 
r««Mult  not  of  inhibition  of  the  tonic  centre,  but  of  stimulation  of  a  vaso- 
dilator centre.     Against  this  view  we  may  urge  that,  while  neither  \if 
nitting,  nor  by  stimulatiug  in  any  way,  such  nerves  as  the  cervical  sympa^ 
thittio  and  hypoglossal,  can  dilation  be  obtained,  nevertheless  the  tmM 
NiM)tion  of  them  always  produces  dilation.     It  seems  impossible  to  expIiiA 
tills  initial  dilation,  except  on  the  supposition  of  a  central  tonic  influenoa 
Ni»r  is  thi«re  any  real  difficulty  in  the  recovery  of  local  tone  after  ctxnplets 
Hiivmiini*tt  from  the  cerebro-spinal  tonic  centre.     We  have  only  to  suppoe^ 
tlmt  tho  locid  tonio  mechanism,  whatever  t<  6e,  is,  from  habit,  so  adjustiBd  ^^ 

)  l'rtUM«>r*R  Arckiv,  ii.  (1874)  174,  xi.  (1875)  68;  ef.  also  Potieys  n.  Ttevhanc^ 
lUichtrt  M.  />M  HimneymoHd'$  Archiv,  1874.  Oatroomoff,  Pflflgor'a  JrcMv,  xn.  (la**  ^ 
UIV.    K^uUaU  u.  Luehaiuger,  ibid.  zm.  (1876)  197. 
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to  act  in  concert  with  the  general  centre.  On  this  centre  it,  under  normal 
eircomstances,  hugely  relies.  When  the  centre  is  sundered  from  it,  it 
feela  at  once  the  loss,  but  gradually  adapts  itself  to  new  circumstances,  and 
finallj  does  all  the  work  itself.  No  instance  is  known  of  marked  con- 
sfcricting  effects  following  upon  mere  severance  of  a  constrictor  nerve  at 
ill  comparable  to  the  dilating  effects  which  follow  the  section  of  a  dilator 
nerve'.  Yet  this  ought  to  take  place  on  Goltz's  view.  On  the  other 
handy  in  the  theory  of  a  central  vaso-motor  action,  the  only  permanent 
influence  needed  is  one  tending  towards  constriction  or  tone  (the  arteries 
can  readily  dilate  of  themselves  through  the  pressure  of  the  blood  when 
this  is  removed);  hence  dilation  is  the  natural  and  only  effect  of  simple 
severance. 

But  if  we  admit  that  the  blushing  which  occurs  after  section  of  the 
sympathetic  is  due  to  loss  of  tone,  it  is  unnecessary  to  suppose  that  the 
bluahing  which  comes  from  emotion  is  produced  in  any  other  way  than  by 
diminQtion  of  the  normal  tonic  action  of  the  (medullary)  centre,  and  that 
pallor  (when  arising  through  the  sympathetic  and  not  from  lessening  of 
the  heart's  action)  is  produced  in  any  other  way  than  by  an  increase  of  the 
aune  normal  tonic  action  of  the  centre ;  in  other  words,  that  constriction 
f  nd  dilation  in  the  case  of  the  natural  action  of  the  sympathetic  differ 
on  account  of  the  degree  to  which  the  same  central  mechanism  (in  the 
medulla)  is  worked,  and  not  by  reason  of  the  mechanism  which  is  put 
into  actum  in  the  one  case  being  different  from  that  which  is  put  into 
action  in  the  other.  But  if  this  is  true  of  the  central  tonic  mechanism, 
why  should  it  not  also  be  true  of  the  peripheral  local  mechanism  1  why 
ahoold  not  the  nerves  which  when  stimulated  produce  constriction,  differ 
from  those,  stimulation  of  which  produces  dilation,  not  in  possessing 
fibres  of  a  different  kind,  but  because  their  relations  with  the  local  me- 
chanism are  respectively  such  that  impulses  passing  along  the  one  increase, 
and  along  the  other  diminish,  the  action  of  that  'local  centre"  )  So  that 
the  problem  why  the  cervical  sympathetic  always  produces  constriction, 
and  a  muscular  nerve  always  dilation,  when  stimulated  artificially,  is  at 
bottom  just  the  same  problem  as  that  why  the  depressor  always  lowers 
blood-pressure  and  why  under  urari  stimulation  of  an  afferent  nerve  causes 
a  rise,  and  under  chloral  stimulation  of  the  same  nerve  a  &11,  of  blood- 
preasore. 

If  it  could  be  shewn  that  the  molecular  arrangements  of  the  nerve- 
endings  were  such  that  impulses  passing  along  one  kind  of  ending  into 
the  centre  were  liable  to  interfere  with,  while  those  passing  along  the  other 
kind  of  ending  were  liable  to  add  themselves  to,  the  automatic  impulses 
generated  in  the  centre  itself,  the  problem  would  be  solved. 

^  An  thai  has  been  obserred  is  at  times  a  slight  passing  oonstriotion  upon  section 
of  the  eerrioal  qrmpathetio  (Kendall  and  Lnohsinger)  and  anterior  aorioolar  nerve 
(Vnlpiaii.) 

*  Ksndall  and  Lnohsinger,  op.  dt.,  have  shewn  that  hi  the  ease  of  the  peripheral 

?^*ikm  of  a  seiatio  which  has  heen  diTided  for  some  little  time,  weak  stimulation  will 

/vodoes  a  ooninotion,  strong  stimnlation  a  dilation  of  the  blood-Yessels  of  the  toes ; 

^  Upfane  {Cwmt,  Rend,  Soe,  Biol  March  4, 1876)  finds  the  same  stimnlation  of  the 

'^ti«  may  pfodnoe  either  oonstriotion  or  dilation  aooording  as  the  foot  is  artificially 

^■'ocaed  or  eooled. 
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The  Effects  of  heal  Vascular  (hnstrictian  or  DUatum* 


Whatever  be  determined  ultimately  to  be  the  modus  operandi  of 
vaso-motor  mechanisms,  the  following  fondamental  &ct8  remain  of 
prime  importance. 

The  tone  of  any  given  vascular  area  may  be  altered,  positively  in 
the  direction  of  augmentation  (constriction),  or  negatively  in  the 
way  of  inhibition  (dilation),  quite  independently  of  what  is  ^in^ 
on  in  other  areas.  The  change  may  be  brought  about  by  (1)  stunnh 
applied  to  the  spot  itself,  and  acting  either  directly  on  tiie  local 
mechanism,  or  indirectly  by  reflex  action  through  the  general  vaso- 
motor centre ;  (2)  by  stimuli  applied  to  some  other  sentient  snifiicey 
and  acting  by  reflex  action  through  the  general  vaso-motor  centre; 
(3)  by  stimuli  (chemical,  blood  stimuli),  acting  directly  on  the  geneiil 
vaso-motor  centre. 

The  effects  of  local  dilation  are  local  and  general 

Local  effects  of  dilation.  The  arteries  in  the  area  being  di** 
lated,  offer  less  resistance  than  before  to  the  passage  of  blood.  Con- 
sequently, more  blood  than  usual  passes  through  ti^em,  filling  up  the 
capillaries  and  distending  the  veins.  Owing  to  the  diminution  of 
the  resistance,  the  fall  of  pressure  in  passing  from  the  arteries  to  the 
veins  will  be  less  marked  than  usual;  that  in  the  small  arteries  them- 
selves will  be  lowered,  that  in  the  corresponding  veins  heightened. 
The  coats  of  the  arteries  during  the  dilation  will  suffer  less  strain 
than  when  in  their  tonic  contracted  condition;  i.e.  their  elasticity 
will  not  be  called  into  play  to  the  same  extent  as  before.  Now,  sa 
has  been  seen,  every  portion  of  arterial  wall  has  its  share  in  destroy- 
ing the  pulse  by  converting  the  intermittent  into  a  continuous  flow. 
Hence,  the  stretch  of  dilated  artery,  its  elasticity  not  being  called 
into  play,  will  not  do  its  duty  in  further  destroying  the  pulsaticma 
which  reach  it  at  the  cardiac  side.  The  pulsations  will  travel 
through  it  unchanged,  and  may,  in  certain  cases,  pass  right  on  into 
the  veins.  This  is  frequently  seen  in  the  submajculary  gland,  when 
the  chorda  tympani  is  stimulated.  The  channels  being  wider,  resist- 
ance being  less,  and  the  force  of  the  heart  behind  remaining  the 
same,  more  blood  than  before  passes  through  the  area  in  a  given 
time ;  or,  put  differently,  the  same  quantity  of  blood  passes  through 
the  area  m  a  shorter  time.  The  blood,  consequently,  as  it  passes 
into  the  veins  is  less  changed  than  in  the  normal  condition  of  th» 
area.  Sometimes  the  flow  is  so  rapid  that  the  oxy-hsemoglobin  of 
the  corpuscles  is  deoxidised  to  a  much  less  extent  than  usual,  and  the 
venous  blood  still  possesses  an  arterial  hue.  On  the  other  band, 
since  more  blood  passes  in  a  given  time,  there  is  an  opportunity  fo^ 
an  increase  in  the  total  interchange  between  the  blood  and  the  tissue. 
Thus  the  total  work  may  be  greater,  though  the  share  borne  by  each 
quantity  of  blood  is  less. 
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General  eflEbcts  of  dilatioiL  Supposing  that  the  total  quantity  of 
cod  issuing  firom  the  ventricle  remains  the  same,  that  is  to  saji 
ipposin^  that  the  quantity  of  blood  put  into  circulation  is  constant, 
te  surplus  passing  through  the  dilated  area  must  be  taken  away 
om  the  rest  of  the  circulation^  Consequently  the  fullness  of  the 
ilated  area  will  lead  to  an  emptying  of  the  other  areas.  This  is  seen 
ary  clearly  when  the  dilated  area  is  a  capacious  one.  At  the  same 
ime,  local  dilation  causes  a  local  diminution  of  peripheral  resistance. 
*hi8  in  turn  causes  a  lowering  of  the  general  arterial  pressure ;  to 
his  we  have  already  called  attention* 

The  effects  of  local  constriction,  similaiiy  local  and  general,  are 
laturally  the  reverse  of  those  of  dilation. 

In  the  vascular  area  directly  affected,  less  blood  passes  through 
be  capillaries  in  a  given  time,  and  in  consequence  less  total  inter- 
ha&ge  between  the  blood  and  the  tissues  takes  place,  though  each 
lit  volume  of  blood  which,  does  pass  through  is  more  deeply  af- 
5tei  The  blood-pressure  in  the  corresponding  arteries  is  increasedi 
dy  if  the  area  be  lai^e,  the  pressure  in  even  distant  arteries  may 
heightened. 

7hus»  to  indicate  results  in  a  general  manner,  local  dilation  en- 
I  rages  a  copious  flow  of  blood  through  the  area  where  the  dilation 
^c^kW  place,  and,  by  reducing  the  blood-pressure,  hinders  the  flow 
blood  into  other  areas.  Local  constriction,  on  the  other  hand, 
the  flow  of  blood  in  the  particular  area,  and  by  heightening 

l)lood-pre8sure  tends  to  throw  the  mass  of  the  blood  on  to  other 
Hence  the  great  regulative  value  of  the  vaso-motor  system. 

augmenting  or  inhibitory  influences  (constrictor  or  diUtting) 
»lied  either  to  peripheral  mechanisms  or  to  cerebrospinal  centres, 
I  called  forth  by  stimuli  either  intrinsic  and  acting  through  the 
od,  or  extrinsic  and  acting  through  nervous  tracts,  the  supply  of 
c>ci  to  this  or  that  organ  or  tissue  may  be  increased  or  reduced : 

surplus  or  deficit  being  carried  away  to,  or  brought  up  from, 
^^r  the  rest  of  the  body  generally,  or  some  other  special  organ  or 


Sec  6.    Changes  in  the  Capillary  Districts. 

^I^ossessing  no  muscular  element  in  their  texture,  the  capillaries, 
ike  the  arteries,  are  subject  to  no  active  change  of  calibre.  Thev 
expanded  when  a  large  supply  of  blood  reaches  them  through 
\  supplying  arteries,  and,  by  virtue  of  their  elasticity,  shrink 
^n  when  the  supply  is  lessened  or  withdrawn;  in  both  these 
'^ts  their  share  is  a  passive  one. 

It  It  true  that  certain  active  changes  of  form,  due  to  movements  in  the 
"Ooplasm  of  their  walls,  have  been  described ;  bat  the  eflects  of  any  such 
■^^^es,  even  if  common,  must  be  quite  subordmate* 
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Nevertheless  the  capillaries  do  possess  active  properties  of  i 
Cdrtain  kind,  which  cause  them  to  play  an  important  part  in  ib 
work  of  the  circulation^  They  are  concerned  m  maintaining  tii 
vital  equilibrium  which  exists  between  the  intra-vascular  blood  an 
the  extra- vascular  tissue,  an  equilibrium  which  is  the  central  fiict  < 
a  normal  capillary  circulation,  of  a  normal  interchange  between  d 
blood  and  the  tissue,  and  thus  of  a  normal  life  of  the  tissue.  Tl 
existence  of  this  equilibrium  is  best  shewn  when  it  is  overthrowDyi 
in  the  condition  known  as  inflammation. 

If  an  irritant,  such  as  silver  nitrate,  or  mustard,  &c.  be  appEed  * 
a  small  portion  of  a  frog's  web,  or  a  frog^s  tongue,  inflammation  is  % 
up  over  a  circumscribed  area.  In  this  area  the  following  chanra  mi 
be  successively  observed  under  the  microscope.  The  first  e£foct  tb 
is  noticed  is  a  dilation  of  the  arteries,  accompanied  by  a  qnidLenii 
of  the  stream.  The  capillaries  become  filled  with  corpuscles,  ai 
many  passages  previously  invisible  or  nearly  so  on  account  of  the 
containing  no  corpuscles  come  into  view.  The  veins  at  the  same  tin 
appear  enlarged  and  full.  These  events,  the  filling  of  the  capiHari 
and  veins,  and  the  quickening  of  the  stream,  are  all  simply  tl 
results  of  the  diminution  of  peripheral  resistance  caused  by  the  dil 
tion  of  the  small  arteries.  If  the  stimulus  be  very  slight,  tiiis  xni 
all  pass  away,  the  arteries  gaining  their  normal  constriction,  and  tl 
capillaries  and  veins  in  consequence  returning  to  their  half-filled  coni 
tion ;  in  other  words,  the  effect  of  the  stimulus  in  such  a  case  is  rath 
a  temporary  blush  than  actual  inflammation.  When  the  stimut 
however  is  stronger,  the  quickening  of  the  stream  gives  way  to 
slackening;  this  is  not  due  to  any  returning  constriction  of  tl 
arteries,  for  they  still  continue  dilated.  The  capillaries  and  v€i 
get  more  and  more  crowded  with  corpuscles,  the  stream  beoom 
slower  and  slower,  until  at  last  the  movement  of  the  blood  in  theix 
distinctly  inflamed  area  ceases  altogether.  The  phase  of  accelerafe 
flow  has  given  place  to  stasis.  The  capillaries,  veins  and  snu 
arteries  are  choked  with  corpuscles,  and  it  may  now  be  remark) 
that  the  red  corpuscles  seem  to  run  together,  so  that  their  outlio 
are  no  longer  distinguishable ;  they  appear  to  have  become  fused  in 
a  yellow  homogeneous  mass.  The  large  number  of  white  corpusd 
in  the  capillaries  and  veins  is  also  a  conspicuous  feature.  This  stu 
this  arrest  of  the  current,  is  not  due  to  any  lessening  of  the  hear 
beat ;  the  arterial  pulsations,  or  at  least  the  arterisd  flow,  may  1 
seen  to  be  continued  down  to  the  inflamed  area,  and  there  to  oea 
very  suddenly.  It  is  not  due  to  any  increase  of  peripheral  resistani 
caused  by  constriction  of  the  small  arteries,  for  these  continue  dilati 
rather  than  constricted.  It  must  therefore  be  due  to  some  new  ai 
unusual  resistance  occurring  in  the  capillary  area  itself.  The  increH) 
of  resistance  is  not  caused  by  any  change  confined  to  the  corpusd 
themselves ;  for  if  after  a  temporary  delay  one  set  of  corpuscles  b 
managed  to  pass  away  from  the  inflamed  area,  the  next  set  of  otf 
puscles  is  subjected  to  the  same  delay  and  the  same  apparent  fcuuK 
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The  cause  of  the  resistance  must  therefore  lie  in  the  capillary  walls, 
or  in  the  tissue  surrounding  them,  or,  to  speak  perhaps  more  correctly, 
it  depends  on  a  disturbance  of  the  relations  which  m  a  healthy  area 
sabfiist  between  the  blood  in  the  capillaries  on  the  one  hand,  and  the 
capillary  walls,  with  the  tissue  of  which  they  are  a  part,  on  the  other. 
Aner  stasis  has  continued  for  some  time,  the  tissue  outside  the  capil- 
kiy  wall  is  seen  to  become  crowded  with  white  corpuscles,  and  in 
the  tissue  outside  the  veins  are  seen  not  only  white  but  also  red 
ooiposcles.  There  can  be  no  doubt  that  these  have  passed  through 
the  capillary  and  venous  walls ;  they  may  indeed  be  seen  in  transit, 
bat  the  mechanism  of  their  passage  is  not  exactly  known.  We 
have  no  dear  proof  that  any  distinct  pores  do  exist  in  the  vascular 
vails;  and  it  seems  probable  that  in  the  protoplasmic  tissue  which 
coQstitates  these  wallsy  a  temporary  breach  made  by  the  passage  of 
a  ooipasde  may  be  immediately  and  completely  obliterated,  just  as 
a  body  may  be  thrust  through  a  film  such  as  that  of  a  soap-bubble, 
and  yet  leave  the  film  apparently  entire,  the  internal  cohesion  of  the 
fihn  at  once  repairing  the  breach. 

Except  in  cases  where  the  stimulus  produces  permanent  mischief, 
the  inflammation  after  a  while  subsides.    The  outlines  of  the  cor- 

des  become  once  more  distinct,  those  on  the  venous  side  of  the 
:  gradually  drop  away  in  the  neighbouring  currents,  little  by 
little  the  whole  obstruction  is  removed,  the  current  through  the  area 
it  re-established,  and  thoueh  the  arteries  and  capillaries  remain  di- 
hited  for  some  considerable  time,  they  eventually  return  to  their 
normal  calibre.  Thus  it  is  evident  that  the  peripheral  resistance 
in  the  capillaries  (and  consequently  all  that  depends  on  peripheral 
i^tance)  is  not  merelv  a  matter  of  the  mechanical  friction  of  the 
hkod  against  the  smooth  walls  of  the  blood-vessels,  but  is  concerned 
vith  the  vital  condition  of  the  tissues.  When  the  tissue  is  in  health, 
a  certain  resistance  is  oiFered  to  the  passage  of  blood  through  the 
^i^nllaries,  and  the  whole  vascular  mechanism  is  adapted  to  overcome 
this  resistance  to  such  an  extent  that  a  normal  circulation  can  take 
pl^  When  the  tissue  becomes  inflamed,  the  disturbance  of  the 
^^pulibrium  between  the  tissue  and  the  blood  so  augments  the 
'^sistance  that  the  passage  of  the  blood  becomes  difficult  or  im- 
Pp^ble.  And  it  is  quite  open  to  us  to  suppose  that  there  are  con- 
ditions the  reverse  of  inflammation,  in  which  the  resistance  may  be 
'owered  below  the  normal,  and  the  circulation  in  the  area  quickened. 

Such  a  diminution  of  peripheral  resistance  may  possibly  in  part  explain 
^^i^mai^ble  qnickening  of  the  flow  of  blood,  which  is  seen  in  any  tissue 
r^  a  temporary  interruption  of  the  stream,  and  which  is  also  witnessed 
^  ^  case  of  an  artificial  stream  kept  up  in  an  oigan  such  as  the  liver 
^  kidney  removed  firom  the  body.  Moeso^  by  means  of  the  Plethysmo- 
^'H'l',  detmninad  that  the  amount  of  resistanoe  offered  to  the  artificial 

^  tfldwiiTa  Arheiun,  1S74. 

^  this  inslrament  Twiations  in  Tolwne  are  measnred,  and  where  these  depend 
^^tjilioiis  In  the  q[iiaatity  of  blood  passing  the  organ,  whidh  is  being  sfcodiftd^OMAQjua 
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flow  of  blood  ihrongli  an  exdaed  kidneyy  dependf  upon  tbe  gues  preKDt 
in  the  blood  passed  throagh,  the  resistanoe  being  greater  in  proportion  to 
the  amount  of  carbonic  acid  irrespectiye  of  the  quantity  of  oxygen. 

Thus  the  vital  conditioii  of  the  tissae  beoomes  a  factor  in  tbe 
maintenance  of  the  circulation. 

It  is  perhaps  hardly  neoeasary  to  observe  that  the  oonflideratioDi  vijgod 
above  are  quite  distinct  from  vhat  is  sometimes  ipoken  of  under  the  oaine 
of  *■  capillary'  force,  as  an  agent  of  the  drculation.  If  by  capillaiy  fbree  it 
is  intended  to  refer  to  the  rise  of  fluids  in  capillary  tubes,  it  is  eviiknt  tint 
since  such  phenomena  are  the  results  of  adhesion,  capillarity  can  only  be  i 
greater  or  less  hindrance  to  the  flow  of  blood,  seeing  that  this  is  propdled 
by  a  force  (the  heart's  beat)  which  has  been  proved  by  experiment  to  be 
equal  to  the  task  of  driving  the  blood  fix>m  ventride  to  auricle  throng  the 
capillary  r^ons.  If  by  capilLuy  force  it  is  meant  that  the  tissoei  hsTe 
some  vital  power  of  withdrawing  the  fluid  parts  of  the  blood  from  tbe 
small  arteries  and  thus  of  assisting  an  onwud  flow,  it  beoomes  neeeauy 
alao  to  assume  that  they  have  as  well  the  power  of  retiiniing  the  fluid 
parts  to  the  vein&  Both  these  assumptions  are  unnecessary  and  without 
t'ouudation. 


Sec.  7.    Changes  ix  the  Quaxtitt  of  Blood. 

In  an  artificial  scheme,  changes  in  the  total  quantity  of  fluid  in 
ciivulation  will  have  an  immediate  and  direct  effect  on  the  aiteriai 
pressui^.  increase  of  the  quantity  heightening  and  decrease  diminish' 
mg  it«    This  effect  will  be  produced  partly  by  the  pump  bein^  more 
or  loss  fiUtsl  at  each  stn>ke,  and  partly  by  the  penphmJ  resistance 
being  increased  or  diminished  by  the  greater  or  less  fullness  of  th^ 
capillaries    The  venous  pressure  will  under  aU  circumstances  b9 
nusod  with  the  increase  of  tluid.  but  the  arterial  pressure  will  In^ 
raised  in  pn>pimion  only  so  long  as  the  elastic  walls  of  the  aiteriiL 
tulvs  are  able  to  oxen  xhoir  elasticity. 

In  tho  natural  oiiculation,  the  direct  results  of  change  of  quantity 
aro  obsouroil  by  cvmipensatory  arrangements.  Thus  experiment 
sshows^  thai  whon  an  animal  with  normal  blood- pressure  is  bleA 
ti\>m  Olio  oanMid,  xho  pre^^siure  in  the  other  carotid  sinks  so  Iod^ 
as  tho  bUwlin*:  is  i^>inJ:  on  vthis  vM"  course  not  so  much  finom  loffl  <» 
bKvvl  as  tViMu  iliminution  of  poriphoral  resistance  in  the  open  arteiy)  -^ 
and  nnnaius  doprt\sk\l  lor  a  brief  period  after  the  bleeding  hs^ 
iWianI  In  a  slu^rt  time  h^^wovor  i:  rocaius  or  neariy  r^ains  th^ 
nonnal  boicbt.  This  nvovory  of  bkwi-prw«:ure,  after  hflemorrhag^* 
is  witiu>«s*\i  until  the  Kvst  of  K^wi  aii^ounts  to  about  3  per  cent  <>* 

in  Ow»  rtivx;Uti,Nn  lui^f  th«y■^T  K"  icriK^i^sMAi.    CI  Mcissk-v.  -  Scfn  un  nuoro  in€*oa4> 
|v>r  *i*n\Y^iv  wo\»«ir.u  *%!".  >"*«  Mav^^rr.:  ih-"."  Twaa.x"    Jtrrs.  &  RhaL  Acad.  d,Sei  ^ 

>  W%Mttt  M(»UrT.  Laa«^  *  Jl-^>J4^  1>^:;^  r-'  ^^•V.    Less^,  iUd.  1$74,  pi  5a 
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the  body-weight.    Beyond  that,  a  large  and  frequently  a  sudden 
daofferous  permanent  depression  is  observed. 

The  restoration  of  the  pressure  after  the  cessation  of  the  bleeding 
18  too  rapid  to  permit  us  to  suppose  that  the  quantity  of  fluid  in  the 
blood-yessels  is  repaired  by  the  withdrawal  of  lymph  from  the  extra- 
Tascalar  elements  of  the  tissues.  In  all  prooability  the  result  is 
gained  by  an  increased  action  of  the  vaso-motor  neiTes,  increasing 
the  peripheral  resistance,  the  vaso-motor  centres  being  thrown  into 
incr^EMed  action  by  the  diminution  of  their  blood-supply.  When  the 
lo6S  of  blood  has  gone  beyond  a  certain  limit,  this  vaso-motor  action 
is  insoffioient  to  compensate  the  diminished  quantity,  (possibly  the 
Taao-motor  centres  in  part  become  exhausted,)  and  a  considerable 
depression  takes  place ;  but  at  this  epoch  the  loss  of  blood  frequently 
causes  ansemic  convulsions. 

Similarly  when  an  additional  quantity  of  blood  is  injected  into 
the  vessels,  no  marked  increase  of  olood-pressure  is  observed  so  long 
ts  the  vaso-motor  centre  in  the  medulla  oblongata  is  intact.    If  how- 
ever the  cervical  spinal  cord  be  divided  previous  to  the  injection, 
the  pressure,  which  on  account  of  the  removal  of  the  central  vaso- 
motor action,  is  verv  low,  is  permanently  raised  by  the  injection  of 
hlood.     At  each  injection  the  pressure  rises,  falls  somewhat  after- 
wards, but  eventually  remains  at  a  higher  level  than  before.    This 
-  rise  continues  until  the  amount  of  blood  in  the  vessels  above  the 
'Kxniial  quantity  reaches  from  2  to  3  per  cent  of  the  body-weight. 
&yond  this  point  there  is  no  further  rise  of  pressure. 

These  facts  shew,  in  the  first  place,  that  when  the  volume  of  the 

^lood  is  increased,  compensation  is  effected  by  a  lessening  of  the 

P^pheral  resistance  by  means  of  a  diminished  action  of  the  vaso- 

''^tcr  centres,   so  that  the  normal    blood-pressure   remains  con- 

J^^t.    They  further  shew  that  a  much  greater  quantity  of  blood  can 

]^  lodged  in  the  blood-vessels  than  is  normally  present  in  them. 

Thc^t  the  additional  quantity  injected  does  remain  in  the  vessels  is 

P^v^ed  by  the  absence  of  extravasations,  and  of  any  considerable 

inc^nease  of  the  extra-vascular  lymphatic  fluids.    It  has  already  been 

*^i^ted  that  the  blood-vessels  are,  in  health,  but  partially  filled,  that 

*^    ireins  and  capillaries  are  alone  able  to  receive  all  the  blood  in 

^^      body.    In  these  cases  of  large  addition  of  blood,  the  extra 

V^^tity  appears  to  be  lodged  in  the  small   veins  and  capillaries, 

v®*I>€xnally  of  the  internal  organs,)  which  are  abnormally  distended  to 

^^'^in  the  surplus. 

^e  learn  from  these  facts  the  two  practical  lessons,  first,  that 

hlood-pressure  cannot  be  lowered  directly  by  bleeding,  unless  the 

qu^^tity  removed  be  dangerously  large,  and  secondly,  that  there  is 

^^  Necessary  connection  between  a  high  blood-pressure  and  fullness 

01  \>lood  or  plethora,  since  an  enormous  quantity  of  blood  may  be 

driven  into  the  vessels  without  any  marked  rise  of  pressure. 
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The  Mutual  Relations  and  the  Coordtnatian  of  the  Vascular  FacUrt 

The  foregoing  considerations  shew  how  complicated,  and  sensitiYe, 
and  therefore  bow  useful,  is  the  vascular  mechanism.  It  may  be 
worth  while  briefly  to  sunmiarize  the  relations  of  the  different  bikin, 
and  to  point  out  the  manner  in  which  they  are  made  to  woHl  in 
harmony  for  the  good  of  the  body. 

Two  facts  stand  out  prominent  above  all  others :  (1)  the  heart's 
beat  may  be  made  slow  by  vagus  inhibition,  and,  probably,  quickened 
by  withdrawal  of  the  constant  inhibitory  influence  exercised  by 
the  cardio-inhibitory  centre  in  the  medulla.  (2)  The  peiijAaal 
resistance  may  be  diminished  by  diminished  action  (dilating  action) 
of  the  vaso-motor  centres,  and  increased  by  increased  action  (conitnct* 
ing  action)  of  the  same  centres. 

These  two  facts  are,  by  the  mediation  of  the  nervous  system, 
placed  in  mutual  regulative  dependence  on  each  other.  Thiu^  if 
with  a  given  peripheral  resistance,  and  proportionate  blood-preesorey 
the  heart  begins  to  beat  violently,  afferent  impulses  passing  up  tiia 
depressor  nerves  diminish  peripheral  resistance  (by  opening  the 
splanchnic  flood-gates),  and  prevent  the  rise  of  blood-pressure  whidi 
would  otherwise  take  place.  In  this  way,  a  delicate  organ,  such  for 
instance  as  the  retina^  is  sheltered  from  the  turbulence  of  the  heart 
bv  a  change  in  the  flow  of  blood  through  the  less  noble  organs  of  thd 
abdomen.  Conversely,  if  peripheral  resistance  be  in  any  area  in"* 
creased,  the  general  blood-pressure  is  prevented  from  rising  too  hiffh^ 
by  reason  of  the  actual  increase  of  blood-pressure  so  affecting  tiia 
medulla,  that  inhibitory  impulses  descend  the  vagus,  and,  by  pro- 
ducing  a  less  frequent  pulse,  tone  down  the  distension  of  the  arteries* 

The  more  we  learn  of  the  working  of  the  body,  the  more  awar^ 
we  become  of  the  fact  that  it  is  crowded  with  regulative  and 
compensating  arrangements  no  less  striking  and  exquisite  than  ih^ 
two  we  have  just  described.  Some  of  these  will  be  seen  in  the 
following  almost  tabular  statement  of  the  various  modifications  of 
the  vascular  factors,  and  of  their  causes. 

A.     The  Beat  of  the  Heart  is  affected 

1.    By  the  amount  of  distension  of  the  yentricnlar  cavities  pr^ 

ceding  the  systole.    This  will  depend  on 

a.  The  quantity  of  blood  passing  into  the  ventricular  caviti00 

during  the  diastole.  This  in  turn  is  determined  by  the  flow 
of  blood  through  the  veins,  the  flow  itself  being  influenced  by  the 
arterial  pressure,  respiratory  movements,  &c.  &c. 

b.  The  amount  of  resistance  which  has  to  be  overcome  by  tho 
systole.  This  is  determined  by  the  mean  arterial  pressure,  and  is 
influenced  by  everything  which  influences  that. 
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By  the  quantity  of  the  blood  passing  through  the  coronary 
.68.  In  the  frog  the  thin  walls  of  the  auricle  and  the  spougy 
re  of  the  yentricle  permit  the  nourishment  of  the  cardiac  sub- 
^  to  be  carried  on  by  direct  contact  with  the  blood  in  the 
es.  In  mammals  this  mode  of  nutrition  must  be  insignificant. 
3m  the  condition  of  the  cardiac  muscles  and  nervous  appendages 
ids  almost  exclusively  on  the  blood  distributed  by  the  coronary 
es.  Putting  aside  the  vaso-motor  supply  of  the  coronary  arteries, 
lich  we  know  nothing,  we  may  say  that  the  amount  so  sent  will 
id  on  the  arterial  pressure  in  the  aorta. 

the  blood-current  through  the  muscles  of  the  heart  be  intermittent, 
d  of  constant  as  in  other  muscles,  the  beat  of  the  heart  must  be  itself 
igalative,  and  the  whole  matter  becomes  very  complicated^. 

By  the  quality  of  the  blood  passing  through  the  coronary 
ies,  and  acting  upon  simply  the  muscular  tissue,  or  upon  the 
us  nervous  mechanisms,  or  upon  both.  This  is  well  illustrated 
le  action  of  poisons  (see  p.  145).  The  quantitative  relations  of 
lormal,  and  the  presence  of  abnormal,  constituents  must  of  neces- 
profoundly  affect  the  heart's  beat. 

.    Through  the  inhibitory  fibres  of  the  vagus, 

.  By  the  blood  directly  stimulating  the  endings  of  the  vagns 
I.    This  is  only  seen  in  the  case  of  poisons. 

.  By  the  blood  directly  affecting  the  cardio-inhibitory  centre 
16  medulla  oblongata,  either  positively  by  augmenting  the  normal 
ritory  influences,  and  so  slowmg  the  heart,  or  negatively  by  de- 
ling those  influences  and  so  quickening  the  heart. 

.  By  reflex  stimulation  of  the  same  centre.  Cases  of  exaltation 
igh  reflex  stimulation  have  already  been  quoted.  Instances  of 
ession  leading  to  quickening  of  the  heart's  beat  are  not  so  clear, 
afferent  impulses  may  be  started  in  any  part  of  the  body ;  but, 
e  have  seen,  there  seems  to  be  a  special  connection  between  this 
re  and  the  alimentary  canaL 

►.  By  the  accelerator  nerves.  We  have  however  no  evidence 
le  natural  activity  of  this  nerve. 

3.    The  Peripheral  Resistance  is  affected 

L.  By  the  vital  i.e.  the  nutritive  condition  of  the  tissue  of  the 
.    This  is  again  influenced  by 

I,    The  quality  (and  quantity  ?)  of  the  blood  brought  to  it. 

K    Through  the  agency  of  the  nervous  system^  as  in  cases  of 
omiation  caused  by  nervous  influences. 
3oth  these  points  are  very  obscure. 

^  Cf.  GaiTod,  Jowm,  Anat.  and  Phy$.  vu.  p.  219,  viii.  p.  &4. 
F.  P.  VI 
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2.     By  the  yarying   calibre   (censtriction,    dilation)   of  the 
minute  arteries,  brought  about 

a.    By  the  blood  or  other   stimulus   acting   directly  on  the 

peripheral  yaso-motor  mechanism. 

h.    By  the  blood  acting  directly  on  the  vaso-motor  centro  in  the 

medulla  (or  spinal  cord). 

c.  By  reflex  stimulation  of  the  vaso-motor  centres. 

d.  It  is  more  than  probable  that  the  peripheral  resistance,  i  tf- 
the  amount  of  constriction  of  the  minute  arteries,  is  directly  de^ 
pendent  on  the  blood-pressure  itself.  In  common  with  all  musdeflfy 
the  contraction  of  the  circular  muscles  of  the  arteries  will  be  greateX' 
when  the  resistance  is  greater,  i,  e.  when  the  distension  of  the  vesseLs 
is  greater.  That  is  to  say,  other  things  being  equal,  with  an  increase 
of  pressure,  due  for  instance  to  an  increase  of  heart-beat^  the  dis^ 
tension  so  caused  will  be  more  than  counterbalanced  by  the  increaBed 
contraction  of  the  muscular  fibre,  and  thus  the  pressure  still  further 
increased.     This  of  course  will  take  place  within  certain  limits  only^. 

Through  these  intricate  ties  it  comes  to  pass  that  an  event  which 
takes  place  in  one  part  of  the  body  is  felt,  to  a  greater  or  less  eztcDfe, 
by  all  parts.  To  take  a  simple  instance — a  change  in  the  conditioix 
of  tho  skin  at  any  one  spot,  such  as  that  produced  by  the  appli- 
cation  of  cold  or  heat,  may  lead, 

1.  By  direct  local  action  to  a  constriction  or  dilation  of  die 
vessels  of  the  part,  giving  rise  to  local  pallor  or  suffusion, 

2.  By  reflex  action  through  the  vaso-motor  centre, 

a.    to  an  increase  of  the  same  local  effects,  and  in  addition 

h.  to  a  change  in  the  calibre  of  the  blood-vessels  in  other  parts. 
This  distant  reflex  change  may  be  of  the  same  or  the  opposite  nature 
as  tho  local  change. 

3.  By  reflex  action  to  a  quickening  or  slowing  of  the  heart's 
beat,  though  the  heart  is  in  this  respect  less  intimately  connected 
with  the  skin  than  with  other  parts. 

Out  of  these  primary  effects  there  may  arise  secondary  effects. 
The  constriction  or  dilation  produced  locally  will  affect  the  general 
blood-pressure,  which  in  turn  will  produce  all  its  effects. 

The  modifications  of  the  heart-beat  will  not  only  affect  the  general 
blood-pressure,  but  in  a  reflex  manner  may  affect  the  penph^ 
resistance,  and  hence  the  flow  of  blood  in  particular  areas  (e^.the 
splanchnic  area).  The  modifications  of  the  now  throus^h  the  area  di- 
rectly, and  also  through  those  secondarily,  affected,  will  influence  the 
temperature  and  chemical  changes  of  the  blood,  and  those  again  viU 
produce  their  effects  everywhere.    And  so  on. 

1  Cf.  Latsohenberger  and  Deahna,  Pfluger'a  ArehiVt  to,  (1876)  157. 
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On  the  other  hand,  the  turbulence  ^hich  would  be  the  natural 
^iitcome  of  all  these  events  is  softened  down,  by  the  compensating 
-flfects  of  which  we  have  spoken,  into  the  smoothness  which  we  call 
lecklth.  Still  the  greatness  of  the  possibilities  of  change  which  lie 
iidden  in  the  body  are  clearly  enough  shewn  by  the  violence  of 
^oase,  when  compensation  fails  of  accomplishment 

Tlie  proob  of  the  circulation  brought  forward  by  Harvey  (1628)  re- 
U-ped  for  their  completion  an  explanation  of  the  manner  in  which  the  blood 
tased  from  the  small  arteries  to  the  small  veins.  For  this  the  use  of  the 
i<2xo80ope  was  necessary,  and  Malpighi  (1661)  was  the  first  to  demonstrate 
lO  caipillary  circulation.  Leuwenhoekafterwaids  (1674)  more  fully  described 
lO  passage  of  blood  through  the  capillaries  as  seen  in  the  web  of  the  frog's 
o^  in  the  fin  of  the  fish's  tail,  and  in  other  transparent  structures. 

Observations  on  Blood-Pressure  were  first  made  by  Dr  Stephen  Hales*, 
11.0  inserted  a  tall  tube  into  the  crural  artery  of  a  mare,  and  observed  the 
n^lit  (more  than  eight  feet)  to  which  the  column  of  blood  rose.  He 
icas  used  not  a  mercury,  nor  a  water,  but  a  blood,  manometer.  Foiseuille' 
itroduoed  the  mercury  manometer,  and  to  him  we  are  indebted  for  our 
Do^edge  of  the  fundamental  principles  of  the  subject.  The  elaborate 
neitttiBe  of  Yolkmann'  helped  to  formulate  our  knowledge;  and  we  are 
iA«l>ted  to  Ludwig  for  many  of  our  present  methods  of  investigation. 

Claude  Bernard^  was  the  first  to  observe  that  section  of  the  cervical 
jmpftthetic  on  one  side  of  the  neck  was  followed  by  a  rise  of  temperature 
ad    dilation  of  the  blood-vessels  of  the  same  side  of  the  head.     Brown- 
i^iuund  in  the  same  year*  was  apparently  the  first  to  observe  that  stimula- 
tioix  of  the  peripheral  portion  of  the  divided  sympathetic  brought  abont  a 
Rtojrn  of  the  pallor  and  a  fall  of  temperature ;  he  clearly  recognised  that 
ihft  effects  of  tiie  section  of  the  sympathetic  were  the  results  of  a  paralysis 
^  the  blood-vessels.      Bernard  himself,  somewhat  later  ^   observed  the 
effects  of  galvanic  stimulation  of  the  divided  nerve,  though  he  seems  not 
^have  obtained  so  distinct  a  grasp  of  the  matter  as  did  A.  Waller^,  who 
ill  Feb.  1853  clearly  recognised  the  vaso-motorial  functions  of  the  cervical 
■ynipathetic,  and  the  relation  of  these  functions  to  the  action  of  the  same 
i^^nre  on  the  iris.     These  discoveries  formed  the  beginniug  of  our  know- 
ledge of  the  vaso-motor  nerves.      Among  the  numerous  investigations 
which  have  since  been  carried  on,  none  can  be  considered  more  important 
tban  those  for  which  we  are  indebted  to  Ludwig  and  his  pupils. 

»  Statical  Euayt,  Vol.  n.  (1732). 

*  Reek.  8.  L  Camei  du  Mouvement  du  Sang^  1831. 
s  Uamodynamik,  18M. 

«  Campte$  Rendm,  zxxiv.  (1852)  p.  472. 

*  PtdUaAslphia  Medical  ExanUner,  Aug.  1852,  p.  489,  quoted  in  Experimental  Re- 
9mrck£9  appUed  to  Pkytiology  and  Pathology,  New  York,  1853,  p.  9. 

<  Comptet  Rendiu  dc  la  Soeiete  d$  Biologie^  Nov.  1852. 
1  CompU$  Rendui,  jxtn.  (1853)  p.  878. 
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CHAPTEE  1. 
THE  TISSUES  AND  MECHANISMS  OF  DIGESTION. 

E  food  in  passing  along  the  alimentary  canal  is  subjected  to  the 
ion  of  certain  juices  which  are  the  products  of  the  secretory 
Lvity  of  the  epithelium-cells  of  the  alimentary  mucous  membrane 
If,  or  of  the  glands  which  belong  to  it.  These  juices  (viz.  saliva, 
trie  juice,  bile,  pancreatic  juice,  succus  entericus,  and  the  secretion 
the  large  intestine),  poured  upon  and  mingling  with  the  food, 
duce  in  it  such  changes,  that  from  being  largely  insoluble  it 
omes  largely  soluble,  or  otherwise  modify  it  in  such  a  way  that 

larger  part  of  what  is  eaten  passes  into  the  blood,  either 
Hrtly  by  means  of  the  capillaries  of  the  alimentary  canal  or  in- 
icHj  by  means  of  the  lacteal  system,  while  the  smaller  part  is 
charged  as  excrement. 

yfe  have  therefore  to  consider — 1st,  the  properties  of  the  various 
!es,  and  the  changes  they  bring  about  in  the  food  eaten.  2nd,  the 
tire  of  the  processes  by  means  of  which  the  various  epithelium- 
3  of  the  various  glands  and  various  tracts  of  the  canal  are  able 
oiaDufacture  so  many  various  juices  out  of  the  common  source, 

blood,  and  the  manner  in  which  the  secretory  activity  of  the 
3  is  regulated  and  subjected  to  the  needs  of  the  economy.     3rd, 

mechanisms,  here  as  elsewhere  chiefly  of  a  muscular  nature, 
which  the  food  is  passed  along  the  canal,  and  most  efficiently 
ight  in  contact  with  successive  juices.  And  4th  and  lastly,  the 
LUs  by  which  the  nutritious  digested  material  is  separated  from 
indigested  or  ezcremental  material,  and  insorbed  into  the  blood. 


Sec.  1,    The  Properties  of  the  Digestive  Juices. 

Saliva, 

Mixed  saliva,  as  it  appears  in  the  mouth,  is  a  thick,  glairy, 
erally  frothy  and  turbid  fluid.  Under  the  microscope  it  is  seen 
:X)ntain,  besides  the  molecular  debris  of  food  (and  frequently 
ptogamic  spores),  epithelium-scales,  mucus-corpuscles  and  granules, 
1  the  so-called  salivary  corpuscles.  Its  reaction  in  a  healthy 
ject  is  alkaline,  especially  when  the  secretion  is  abundant.     When 
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the  saliva  is  scanty,  or  when  the  subject  suffers  from  dyspepsia,  the 
/eaction  of  the  mouth  may  be  acid.  Saliva  contains  but  few  solids, 
•484  p.  c.  in  man,  giving  a  specific  gravity  of  1'0023.  Of  these  solids, 
about  half,  '188,  are  salts  (including  a  small  quantity  of  potassium 
sulphocyanate).  The  organic  bodies  which  can  be  recognised  in  it 
are  chiefly  mucin,  with  small  quantities  of  globulin  and  seniic- 
albumin. 

The  chief  purpose  served  by  the  saliva  in  digestion  is  to  moistea 
the  food,  and  to  assist  in  mastication  and  deglutition.  In  some 
animals  this  is  its  only  function.  In  other  animals  and  in  man  it 
has  a  specific  solvent  action  on  some  of  the  food-stuffs.  Sudi 
minerals  as  are  soluble  in  slightly  alkaline  fluids  are  dissolved  by  i. 
On  fats  it  has  no  effect  save  that  of  producing  a  very  feeble  emulsion. 
On  proteids  is  has  also  no  action.  Its  characteristic  property  is  that 
of  converting  starch  into  grape-sugar. 

Action  of  Saliva  on  Starclh  If  to  a  quantity  of  thin  boiled 
starch,  which  has  been  ascertained  to  be  free  from  sugar,  a  small 
quantity  of  saliva  be  added,  it  will  be  found  after  a  time  that  the 
whole  of  the  starch  has  disappeared,  having  been  replaced  by  a 
corresponding  quantity  of  grape-sugar.  The  mixture  no  longer 
gives  any  blue  colour  with  iodine,  but  when  boiled  with  Fehling's 
fluid  (cupric  sulphate  dissolved  in  a  concentrated  solution  of  sodium 
hydrate,  in  the  presence  of  sodium-potassium  tartrate),  gives  a  co- 
pious red  or  yellow  deposit  of  cuprous  oxide.  Examined  quanti- 
tatively, it  will  be  found  that  the  amount  of  sugar  which  has 
been  formed  is  the  equivalent  of  the  starch  which  has  disappeared, 
that  is,  the  starch  has  by  the  action  of  the  saliva  been  converted 
into  sugar.  If  iodine  be  added  to  the  mixture  in  the  early  stages 
of  the  action  of  the  saliva,  a  red  or  violet  colour  (more  or  less 
obscured  by  the  blue)  will  be  observed.  This  indicates  the  presence 
of  dextrin,  which  at  a  later  stage,  like  the  starch  itself,  disappears. 
In  fact,  the  saliva  either  converts  the  starch  into  dextrin  and  then 
into  sugar,  or  first  splits  the  starch  into  dextrin  and  sugar,  and 
then  changes  the  dextrin  into  sugar.  The  essence  of  both  changes 
is  the  assumption  of  a  molecule  of  water.  Thus  starch,  C^Hj^O,,  or 
more  probably 

(grape-«ugar)  (dextrin) 

Ci8H»0„  +  3H,0  =  C,H,,0.  +  2(CeH,oO )  +  2H,0  =  ^CJ1J^.). 

While  boiled  starch  is  thus  converted  into  grape-sugar  with  consider' 
able  rapidity,  raw  imboiled  starch  also  suffers  the  same  change,  though 
more  slowly.  If  a  quantity  of  raw  starch  be  suspended  in  water  and  saliva 
be  added,  the  water  will  after  a  time  be  found  to  contain  sugar.  If  the 
water  be  replaced  from  time  to  time,  the  starch  will  gradually  disappear 
until  a  remnant  is  left  which  gives  no  blue  colour  with  iodine,  unless  add 
be  previously  added.  The  starch-corpuscle  consists  of  gramdose  giving  a 
blue  colour  with  iodine  alone,  and  cellvlose  giving  a  blue  colour  with  iodine 
on  the  addition  of  stdphuric  acid.  The  saliva  acts  on  the  granulose,  con- 
verting it  into  sugar ;  it^  is  imable  to  act  on  the  cellulose.     When  stardi 
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1  boiled,  the  cellulose  coats  of  the  starch-corpuscle  are  ruptured  and  the 
aliva  has  ready  access  to  the  granulose.  Hence  the  rapidity  of  the  action. 
n  raw  starch  the  saliva  can  only  get  at  the  granulose  by  traversing  the 
oat  of  cellulose. 

Briicke^  distinguishes  in  the  starch-corpuscle,  besides  granulose  and 
ellulose,  a  third  body  which  he  calls  erythrogranvlose.  This  gives  a  red, 
iot  a  blue  colour  with  iodine,  not  usually  seen  when  iodine  is  added  to 
tarch,  because  erythrogranulose  is  much  less  abundant  than  ordinary 
:ranulose.  Erythrogranulose  is  converted  by  saliva  into  grape-sugar,  but 
lot  so  readily  as  granulose.  BrQcke  further  regards  dextrin  resulting  from 
be  conversion  of  stardi  as  a  mixture  of  eryihrodextrin  giving  a  red  colour 
rith  iodine,  and  dchroodextrin  which  is  not  coloured  by  iodine.  The  former 
B  readily  converted  by  saliva  and  similar  agents  into  grape-sugar,  the  latter 
rith  considerable  difficulty;  so  that  a  fluid  originally  containing  starch, 
Iter  it  has  been  acted  upon  by  saliva  until  iodine  gives  no  longer  either 
.  blue  or  red  colour,  may  still  contain  a  considerable  quantity  of  dextrin 
u  the  form  of  achroodextrin.  When  starch  is  acted  upon  by  dilute  acids, 
he  conversion  into  dextrin  is  preceded  by  the  appearance  of  soiuble  starch, 
,6.  of  starch  which  like  dextrin  forms  a  clear  solution  with  water  but  un- 
ike  dextrin  gives  a  blue  colour  with  iodine.  Thus  starting  from  granu- 
ose  and  erythrogranulose,  the  end  product  of  grapensugar  may  be  reached 
hrough  the  intermediate  stages  of  soluble  starch  or  atrndulin,  erythro- 
Ifixtrin,  and  achroodextrin. 

The  conversion  of  starch  into  sugar,  or  the  amylolytic  action  of 
aliva,  will  go  on  at  the  ordinary  temperature  of  the  atmosphere. 
Hie  lower  the  temperature,  the  slower  the  change,  and  at  about  0^  C. 
he  conversion  is  indefinitely  prolonged.  After  exposure  to  cold  of 
tven  as  much  as  some  degrees  below  0^  when  the  temperature  is 
gain  raised  the  action  recommences.  Increase  of  temperature  up 
o  about  35* — ^O**,  or  even  higher,  favours  the  change.  Beyond  60* 
►r  70*  increase  of  temperature  is  injurious,  and  saliva  which  has 
>een  boiled  for  a  few  minutes  not  only  has  no  action  on  starch  while 
X  that  temperature,  but  does  not  regain  its  powers  on  cooling.  By 
^ing  boiled,  the  amylolytic  activity  of  saliva  is  permanently  de- 
troyed. 

The  action  of  saliva  on  starch  is  favoured  by  a  slightly  alkaline 
uedium.  It  will,  however,  still  go  on  even  in  the  presence  of  a  small 
[uantity  of  free  acid.  Increase  of  acidity,  however,  checks  it.  Thus 
Q  a  mixture  containing  '1  per  cent,  of  free  hydrochloric  acid,  the  con- 
version of  starch  is  arrested.  After  a  short  exposure  to  a  dilute  acid, 
aliva  will  regain  its  powers  on  neutralisation.  Its  activity  is, 
lowever,  permanently  destroyed  by  long  exposure  to  weak,  or  by 
horter  exposure  to  strong,  acids.     Strong  alkalies  also  destroy  it. 

The  action  of  saliva  is  hampered  by  the  concentrated  presence  of 
be  product  of  its  own  action,  tnat  is,  of  sugar.  If  a  small  quantity 
»f  saliva  be  added  to  a  thick  mass  of  boiled  starch,  the  action  will  after 
k  while  slacken,  and  eventually  come  to  almost  a  stand-still  long 
>efore  all  the  starch  has  been  converted.     On  diluting  the  mixture 

^  VorUiungen,  i.  p.  221. 
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with  water,  the  action  will  lecommenoe.  If  the  products  of  action 
ho  removed  as  soon  as  they  are  formed,  a  small  quantity  of  salm 
will,  if  sufficient  time  be  allowed,  convert  into  sugar  a  very  large,  one 
might  almost  say  an  indefinite,  quantity  of  starch. 

It  is  at  present  uncertain  whether  the  constituent  of  the  salivi,  on 
which  its  aoti^dty  depends,  is  at  all  consumed  in  its  action.  Paachntm^ 
argues  that  it  is ;  but  other  observers  have  come  to  a  contrary  ^nwrJuainn. 

On  what  constituent  do  the  amylolytic  virtues  of  saliva  depend? 

If  saliva,  filtered  and  thus  fireed  from  mucus  and  the  formed 
Cv^nstituents,  be  treated  with  ten  or  fifteen  times  its  bulk  of  alcohol, 
a  precipitate  containing  all  the  proteid  matters  takes  place.  Upon 
standing  under  the  alcohol  for  some  time  (several  days,  or,  better, 
wtvks).  the  pr\>teiil3  thus  precipitated  become  coagulated  and  in- 
soluble in  water.  Hence,  an  aqueous  extract  of  the  precipitate,  made 
after  this  internal,  contains  little  or  no  proteid  materiaL  Tet  it  is 
as  active,  or  almost  as  active,  as  the  original  saliva  (the  8oluti<m 
Wing  bn>ught  to  the  same  bulk  as  the  saliva).  If  the  precipitate  be 
treateil  with  concentrated  glycerine,  very  little  passes  into  solution. 
Novenheloss,  the  glycerine,  diluted  with  water,  is  found  to  be  higUf 
amylolytic.  Xow  we  cannot  say  that  even  this  small  quantity  of 
matter  which  is  thus  soluble  in  glycerine  is  entirely  composed  of  the 
really  active  constituent :  it  may  bo  and  probably  is  a  mixture  of  this 
witli  other  Kxiiesw  An  amylolytic  solution,  firee  firom  proteid  matter, 
iu:w  also  be  prepared  by  Briicke  s  method  for  isolating  pepsin  (see 
p.  i^KV  :  but  this  also  probably  contains  other  bodies  beside  the  reallj 
:icdvo  constituent ;  whatever  the  active  substance  be  in  itself  it 
e\:>:s  in  suoh  extremely  small  i|uantities.  that  it  has  never  yet  been 
s^4!:i<f;kv'Cor{lv  isolated :  and  inieevl  the  onlv  evidence  we  have  of  its 
exU:eucx'  is  :Le  luanifestatLon  of  its  peculiar  powers 

The  sali-;:nt  teatiiPrs  of  triis  body,  which  we  may  call  piyalin^  are 
t^ieii  Is:,  its  presence  in  luiuTtte  ai:*.!  aluw-^t  inappreciable  qtiantity; 
iti'l  :he  close  Jepenience  of  its  activ::y  on  temperattxre ;  3rd,  its 
per:v.A::-:!:ii;  ani  rocLwI  des:r.:',*ti'ja  by  a  hijh  temperature  and  by 
ci:i-:i'.il,iil  i>jiA^^i:::>  <uca  a^i  a  strong  acid :.  -kh.  the  want  of  any  clear 
prjor  zhjkZ  ii  i:sel:  un-i-jr^xs  any  change  d-viring  the  manitestation  of 
i:s  p»,^w^^rs:  thwLC  is  to  5ay.  the  ener^iy  necessary  tor  the  transformation 
nfchich  iz  e Sects  .iyM^tf  '*>oC  xtfiie  :'^  :r  it^ft^l/.  It  it  is  at  all  used  up  in 
i:s  JLcciou.  the  loss  l>  m:her  thas  of  sinipL*-  wear  and  tear  of  a 
iLUchiue.  thjin  :ba:  or  a  >:ib>caajce  expended  to^  do  work ;  5th,  the 
sicciou  which  ::  hid'jjce*  l<  cf  such  a  kiud  splitting  up  of  a  molecule 
wish  .w?s!.:u:j}Cion  ■::  wjtrer  as  is  ec'foced  by  ^he  agents  called  cata- 
Ivtic.  Ai'.»i.  Vv  -.ha.:  v..er;;cui;.ir  cLa&s  «,»*;  catalvTiic  joints  called  hvdrolvtic. 

ULxs*.'  :i'a.::.:rvs  v-i.ir:v  ciiw  the  aaiyLciyrlc  iccive  body  of  saliva 
AS  lv!ot»-i'j;r  vo  li'.e  cIjlss  of  r'^niuefics^ ;  and  we  niav  heoceforwani 
svctii  o:  '.jc  Jiuiv-.jiv::.:  r-rm^-ti:  of  sahvjL 

«  'If*      *r  ^ '  Y    *^w  • 
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Mixed  saliva^  whose  properties  we  have  just  discussed^  is  the 
result  of  the  mingling  in  various  proportions  of  saliva  from  the 
parotid,  submaxillary,  and  sublingual  glands  with  the  secretion 
from  the  buccal  glands. 

Parotid  saliTa,  as  obtained  by  introducing  a  cannula  into  the  Stenonian 
duct,  is  clear  fuid  limpid,  not  viscid.  On  standing,  it  becomes  turbid  from 
a  precipitate  of  calcic  carbonate,  due  to  an  escape  of  carbonic  acid.  It 
OQntains  globulin  and  some  other  forms  of  albumin,  with  little  or  no  mucin. 
Potassium  sulphocyanate  is  present,  but  structural  elements  are  absent.  In 
man,  at  least,  it  acts  powerfully  on  starch. 

Sabmaxillary  saliva,  as  obtained  by  introducing  a  cannula  into  the 
duct  of  Wharton,  differs  from  parotid  saliva  in  being  more  alkaline  and, 
from  tiie  presence  of  mucus,  more  viscid ;  it  contains,  often  in  abundance, 
sdivary  corpuscles,  and  amorphous  masses  of  proteid  material  The  so- 
called  chorda  saliva  in  the  dog  (see  Sec.  2)  is  under  ordinary  circumstances 
thinner  and  less  viscid,  contains  less  mucus,  and  fewer  structural  elements, 
than  the  so-called  sympathetic  saliva,  which  is  remarkable  for  its  viscidity, 
its  structural  elements,  and  for  its  larger  total  of  solids. 

In  man,  submaxillary  saliva  acts  more  powetfully  on  starch  than  parotid 
saliva,  and  in  animals  whose  saliva  is  active  on  starch,  the  activity  is 
foimd  in  the  submaxillary  saliva  at  least.  In  the  dog,  sublingual  saliva  is 
more  viscid,  and  contains  more  mucin  and  more  total  solids  ti^n  even  the 
sabmaxillary  saliva. 

The  action  of  saliva  varies  in  intensity  in  different  animals. 

Thus  in  man,  the  pig,  the  rabbit,  the  guinea-pig,  and  the  rat,  both 
parotid  and  submaxillary  and  mixed  saliva  are  amylolytic.  In  the  dog, 
parotid  saliva  is  wholly  inert  on  starch,  submaxillary  and  mixed  saliva 
have  a  slight  effect  only  ;  the  saliva  of  the  cat  is  more  active  than  that  of 
the  dog.  In  the  horse,,  sheep,  and  ox,  the  amyloljrtic  powers  of  either 
mixed  saliva,,  or  of  any  one  of  the  constituent  juices,  are  extremely  feeble. 

Where  the  saliva  of  any  gland  is  active,  an  aqueous  infusion  of 
the  same  gland  is  also  active.  The  importance  and  bearing  of  this 
statement  will  be  seen  later  on.  From  the  aqueous  infusion  of  the 
gland,  as  from  saliva  itself,  the  ferment  may  be  approximately 
isolated. 

In  some  cases  at  least  a  ferment  may  be  extracted  from  the  gland  even 
when  the  secretion  is  itself  inactive. 

The  readiest  method  indeed  of  preparing  a  highly  amylolytic 
liquid  as  free  as  possible  from  proteid  and  other  impurities,  is  to 
mmce  the  gland  hnely,  dehydrate  it  by  allowing  it  to  stand  under 
absolute  alcohol  for  some  days,  and  then,  having  poured  off  most  of 
the  alcohol,  and  removed  the  remainder  by  evaporation  at  a  low  tem- 

ezampla.  The  fennentatiye  aotirity  of  yeast  which  leads  to  the  oonyersion  of  sugar 
into  ideohol,  ii  dependent  on  the  life  of  the  yeast-eeU.  Unless  the  yeast-ceU  be  living 
and  fonetional,  fermentation  does  not  take  place ;  when  the  yeast-cell  dies  fermenta- 
tion eeasee ;  wad  no  sabstanoe  obtained  from  yeast,  by  precipitation  with  alcohol  or 
oUierwise,  wiU  give  rise  to  alcoholic  fermentation.  The  salivary  ferment  belongs  to  the 
lailer  elasi ;  it  is  a  lobstance,  not  a  Uving  organism  like  yeast. 
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perature,  to  cover  the  pieces  of  gland  with  strong  glycerine.  A  mere 
drop  of  such  a  glycerine  exti'act  rapidly  converts  starch  into  grape- 
sugar. 

Gastric  Juice. 

Gastric  juice,  obtained  by  artificial  stimulation  from  the  healihy 
stomach  of  a  fasting  dog,  by  means  of  a  gastric  fistula,  is  a  thin 
almost  colourless  fluid  with  a  sour  taste  and  odour. 

In  the  operation  for  gastric  fistula,  an  incision  is  made  throngb  the 
abdominal  walls,  along  the  linea  dlhdy  the  stomach  is  opened,  and  the  lipi 
of  the  gastric  wound  securely  sewn  to  those  of  the  indedoa  in  the  abdomioal 
walls.  Union  soon  takes  place,  so  that  a  permanent  opening  from  the 
exterior  into  the  inside  of  the  stomach  is  established.  A  tube  of  proper 
construction,  introduced  at  the  time  of  the  operation,  becomes  fiimly 
secured  in  place  by  the  contraction  of  healing.  Through  the  tube  the 
contents  of  the  stomach  can  be  received,  and  the  mucous  membnoe 
stimulated  at  pleasure. 

When  obtained  from  a  natural  fistula  in  man,  its  specific  gravity 
has  been  found  to  diflfer  little  from  that  of  water,  varying  firom  1*001 
td  1010,  and  the  amount  of  solids  present  to  be  very  small,  tIz^ 
about  *56  per  cent. 

In  the  dog  however  the  amount  of  solids  is  as  much  as  2*7  per  eenit 
and  in  the  sheep  1*9*;  and  the  estimate  given  above  for  man  proUblf 
does  not  represent  a  thoroughly  healthy  juice. 

Of  these  about  half,  *24,  are   inorganic  salts,   chiefly  alkaline 
(sodium)  chloride,  with  small  quantities  of  phosphates.     The  orgamc 
material  consists  chiefly  of  peptone,  other  forms  of  proteids  bein^ 
absent.     In  a  healthy  stomach  gastric  juice  is  free  from  mucus,  un^ 
less  some  submaxillary  saliva  has  been  swallowed. 

The  reaction  is  distinctly  acid,  and  the  acidity  is  normally  du0 
to  free  hydrochloric  acid.      This  is  proved  by  the  fact  that  th^ 
amount  of  hydrochloric  acid  is  more  than  can  be  neutralized  by^ 
the  bases,  and  this  excess  corresponds  to  the  quantity  of  free  9X^3- 
present*.      Lactic   and   butyric  and  other  acids  when  present  ar^ 
secondary  products,  arising  either  by  their  respective  fermentation^ 
from  articles  of  food,  or  from  decomposition  of  their  alkaline  or  othe^' 
salts.     In  man  the  amount  of  free  hydrochloric  acid  in  juice  having 
the  above  specific  gravity  was  found  to  be  '02  per  cent 

This  is  probably  below  the  normal  of  health,  since  in  the  dog  BiddeX* 
and  Schmidt'  found  free  acid  to  the  extent  of  '3  per  cent.,  and  in  th.^ 
sheep  '123  per  cent.     As  will  be  mentioned  below,  a  free  acidity  of  '2  pe*" 
cent,  is  most  efficacious  in  artificial  digestion,  and  in  all  probability  good 
healthy  human  gastric  juice  possesses  an  acidity  not  far  from  this. 


^  Bidder  n.  Schmidt,  Die  VerdauungstUfie,  s.  73. 
*  Bidder  u.  Schmidt,  op.  cit. 
»  Op.  eit. 
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On  starcli  gastric  juice  has  per  se  no  effect  whatever ;  indeed 
s  acidity  of  the  juice  tends  to  weaken,  and  sometimes  appears  to 
sufficient  to  arrest  the  amylolytic  action  of  any  saliva  with  which 
may  be  mixed. 

On  grape-sugar  and  cane-sugar  healthy  gastric  juice  has  no 
isct. 

When  the  stomach  contains  mucus,  gastric  juice  has  the  power  of  con- 
-ting  cane-sugar  into  grape-sugar.  This  power  seems  to  be  due  to 
aenoe  in  the  mucus  of  a  special  ferment,  analogous  to,  but  quite  dtstinct 
EH,  the  ptyalin  of  saliva.  An  excessive  quantity  of  cane-sugar  intro- 
Ded  into  the  stomach  causes  a  secretion  of  mucus,  and  hence  provides  for 
own  conversion. 

On  fats  gastric  juice  is  powerless.  They  undergo  by  reason  of 
no  change  whatever  in  themselvea    When  adipose  tissue  is  eaten, 

that  happens  in  the  stomach  is  that  the  proteid  and  gelatiniferous 
^elopes  of  the  fat-cells  are  dissolved,  and  the  fats  set  free ;  the  fat 
&lf  undergoes  no  change  except  the  very  slightest  emulsion. 

Such  minerals  as  are  soluble  in  free  hydrochloric  acid  are  for  the 
let  part  dissolved;  though  there  is  a  difference  in  this  respect 
bween  gastric  juice  and  simple  free  hydrochloric  acid  diluted  with 
'ter  to  the  same  degree  of  acidity  as  the  juice. 

The  essential  property  of  gastric  juice  is  the  power  of  dissolving 
>teid  matters,  and  of  converting  them  into  a  substance  called 
ptone. 

Action  of  gastric  jtdce  on  proteids.  The  results  are  essentially 
^  same  whether  natural  juice  obtained  by  means  of  a  fistula  or 
'ificial  juice,  i.e.  an  acid  infusion  of  the  mucous  membrane  of  the 
»iiiach,  be  used. 

Jbtifidal  gastric  juice  may  be  prepared  in  any  of  the  followiDg  ways. 

1.  By  scraping  the  surface  of  a  (pig*s  or  dog's)  stomach,  rubbing  up 
BcrapingB  with  pounded  glass  and  water  in  a  mortar,  filtering,  and 

hydrochloric  acid,  till  the  filtrate,  which  is  in  itself  somewhat  acid, 
a  free  acidity  corresponding  to  '2  p.  o.  of  hydrochloric  acid.     The  juice 
i«  prepared  contains  but  little  peptone,  but  is  not  very  potent. 

2.  By  removing  the  mucous  membrane  from  the  musctdar  coat,  mine- 
r  the  former  finely,  and  allowing  it  to  digest  at  35*^  0.  in  a  large  quantity 
Ixydrochloric  acid  diluted  to  '2  p.  c.  The  greater  part  of  the  membrane 
c^ppears,  shreds  only  being  lefl,  and  the  somewhat  opalescent  liquid  can 

decanted  and  filtered.  The  filtrate  has  powerful  digestive  (peptic) 
^J)ertie8,  but  contains  a  considerable  amount  of  the  products  of  digestion 
^{)tone,  dec.),  arising  from  the  mucous  membrane  digesting  itself*. 

3.  From  the  mucous  membrane,  similarly  prepared  and  minced,  the 
r^rfluous  moisture  is  removed  with  blotting  paper,  and  the  pieces  are 
^X3wn  into  a  comparatively  large  quantity  of  concentrated  glycerine,  and 
^>wed  to  stand.     The  membrane  may  be  previously  dehydrated  by  being 

^  Tbeee  howerer  may  be  remoyed  by  eonoentration  at  iO^C»,  and  subseqaent 
^yiii. 
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allowed  to  stand  under  alcohol,  but  this  is  not  neoessaiy.  The  decanted 
clear  glycerine  in  which  scarcely  any  of  the  ordinary  proteids  of  the  muoooi 
membrane  are  dissolved,  if  added  to  hydrochloric  acid  of  *2  p.  c.  (a  few 
drops  of  glycerine  to  100  cc.  of  the  dUute  acid  are  sufficient),  makee  an 
artificial  juice  free  from  ordinary  proteids  and  peptone,  and  of  remaikible 
potency,  the  presence  of  the  glycerine  not  interfering  with  the  results. 

If  a  few  shreds  of  fibrin,  obtained  by  whipping  blood,  after 
being  thoroughly  washed  and  boiled,  be  thrown  into  a  quantity  of 
gastric  juice,  and  the  mixture  exposed  to  a  temperature  of  nom 
35^  to  40^  C,  the  fibrin  will  speedily,  in  some  cases  in  a  few  minutes^ 
be  dissolved.  The  shreds  first  swell  up  and  become  transparent^ 
then  fall  to  pieces  into  flakes  especially  when  the  vessel  containing 
them  is  shaken,  and  finally  disappear  with  the  exception  of  a  little 
granular  debris,  the  amount  of  which  varies  according  to  circum* 
stances. 

If  small  morsels  of  coagulated  albumin,  such  as  white  of  e^,  be 
treated  in  the  same  way,  the  same  solution  is  observed.  The  pieces 
become  transparent  at  their  surfaces;  this  is  especially  seen  at  the 
edges,  which  gradually  become  rounded  down ;  and  solution  steadily 
progresses  from  the  outside  of  the  pieces  inwards. 

If  any  other  form  of  coagulated  albumin,  {e,g.  precipitated  acid  or 
alkali  albumin,  suspended  in  water  and  boilea)  be  Seated  in  the 
same  way,  a  similar  solution  takes  place.  The  readiness  with  which 
the  solution  is  effected,  will  depend,  ceteris  paribus^  on  the  smallness 
of  the  pieces,  or  rather  on  the  amount  of  surface  as  compared  with 
bulk,  which  is  presented  to  the  action  of  the  juice. 

Gastric  juice  then  readily  dissolves  coagulated  proteids^  whidi 
otherwise  are  insoluble,  or  soluble  only,  and  that  with  difficulty,  in 
very  strong  acids. 

Nature  of  the  change  as  shewn  by  the  products  of  the  action. 

If  raw  white  of  egg,  largely  diluted  with  water  and  strained,  be 
treated  with  a  sufficient  quantity  of  dilute  hydrochloric  acid,  the 
opalescence  or  turbidity  which  appeared  in  the  white  of  egg  on  dilu- 
tion, and  which  is  due  to  the  precipitation  of  various  forms  of  glo- 
bulin, disappears,  and  a  clear  mixture  results.  If  a  portion  of  the 
mixture  be  at  once  boiled,  a  large  deposit  of  coagulated  albmnin 
occurs.  If,  however,  the  mixture  be  exposed  to  35*  or  40'  C.  for 
some  time,  the  amount  of  coagulation  which  is  produced  by  boiling  a 
specimen  becomes  less,  and,  finally,  boiling  produces  no  coagulation 
whatever.  By  neutralisation,  however,  the  whole  of  the  sdbumin 
(with  such  restrictions  as  the  presence  of  certain  neutral  salts  may 
cause)  may  be  obtained  in  the  form  of  acid-albumin  or  syntonin, 
the  filtrate  after  neutralisation  containing  no  proteids  at  all  (or  a 
very  small  quantity).  Thus  the  whole  of  the  albumin  present  in  the 
white  of  egg  is  converted,  by  the  simple  action  of  dilute  hydrochloric 
acid,  into  acid-albumin  or  syntonin. 

If  the  same  white  of  egg  be  treated  with  gastric  juice  instead  of 
simple  dilute  hydrochloric  acid,  the  events  for  some  time  seem  the 
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Euna  Thus  after  a  while  boiling  causes  no  coagulation,  while  neu- 
ralisation  gives  a  considerable  precipitate  of  a  proteid  body,  which, 
eing  insoluble  in  water,  and  in  dilute  sodium  chloride  solutions, 
nd  soluble  in  dilute  alkali  and  acids,  at  least  closely  resembles 
jrntonin.  But  it  is  found  that  only  a  portion  of  the  proteids  origi- 
lally  present  in  the  white  of  egg  can  thus  be  regained  by  precipita- 
ion.  A  great  deal  is  still  retained  in  the  filtrate  after  neutrali- 
ation,  in  the  form  of  what  is  called  peptone^  and,  on  the  whole,  the 
3nger  the  digestion  is  carried  on,  the  greater  is  the  proportion  borne 
ly  the  peptone  to  the  precipitate  thrown  down  on  neutralisation; 
adeed,  m  some  cases  at  all  events,  all  the  proteids  are  brought  into 
he  condition  of  peptone. 

Peptone  is  a  proteid,  having  the  same  approximate  elementary 
omposition  as  other  proteids,  and  giving  most  of  the  usual  proteid 
eactiona 

It  is  distinguished  from  other  proteids  by  the  following  marked 
eatures: 

Ist  It  is  not  precipitated  by  potassium  ferrocyanide  and  acetic 
idd,  as  are  all  other  proteids. 

Snd.  Though  soluble  in  distilled  water  and  in  neutral  saline 
olotions,  even  the  most  dilute,  and  therefore  not  precipitated  from 
te  acid  or  alkaline  solutions  by  neutralisation,  it  is  not  coagulated 
tj  heat. 

3rd.  It  is  highly  diffusible,  passing  through  membranes  with 
he  greatest  ease.  (For  the  other  less  important  reactions  see 
Appendix.) 

The  neutralisation  precipitate  resembles,  in  its  general  characters, 
Aid-albimiin  or  syntomn.  Since,  however,  it  probably  is  distinguish- 
l>le  from  the  body  or  bodies  produced  by  the  action  of  simple  acid 
»n  muscle  or  white  of  egg,  it  is  best  to  reserve  for  it  the  name  of 
WLvapepUme,  Thus  the  digestion  by  gastric  juice  of  white  of  egg 
esolts  in  the  conversion  of  all  the  proteids  present  into  peptone 
iZKi  parapeptone,  of  which  the  former  must  be  considered  as  the 
inal  and  chief  product,  the  latter  a  bye  product  or  initial  product 
f  variable  occurrence  and  importance.  The  gastric  digestion  of 
ibrin,  either  raw  or  boiled,  and  of  all  forms  of  coagulated  albumin, 
rives  rise  to  the  same  products,  peptone  and  parapeptone.  Milk 
rhen  treated  with  gastric  juice  is  first  of  all  coagulated  or  curdled, 
rhis  is  the  result  partly  of  the  action  of  the  free  acid  and  partly  of 
he  special  action  of  a  particular  constituent  of  gastric  juice,  of  which 
ve  shall  speak  hereafter.  The  coagulated  milk  is  subsequently  dis- 
4>lved  with  the  same  appearance  of  peptone  and  parapeptone  as  in 
be  case  of  other  proteids.  In  fact  tne  digestion  by  gastric  juice  of 
dl  the  varieties  of  proteids  consists  in  the  conversion  of  the  proteid 
Dto  peptone,  with  the  concomitant  appearance  of  a  certain  variable 
Lmount  of  parapeptone. 
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When  raw  unboiled  fibrin  is  treated  with  gastric  jnice^  tiie  digesting 
mixture  is  found,  when  examined  immediatelj  after  Uie  solutioii  of  the 
fibrin,  to  contain,  in  addition  to  peptone  and  parapeptone,  soluble  albumin 
coagulable  by  heat.  No  such  solable  albumin  is  formed  doling  the  diges- 
tion of  boiled  fibrin  or  of  any  form  of  coagulated  albunun. 

Circumstances  affecting  gastric  digestion.  In  order  to  come  to 

a  satisfactory  conclusion  on  this  matter,  it  is  desirable  to  use  the 
same  proteid  in  all  the  experiments;  and  of  all  proteids,  boiled 
fibrin  is  most  convenient.  It  should  be  boiled  rather  than  raw, 
because  the  latter  is,  for  reasons  of  which  we  shall  speak  presently, 
soluble  to  a  certain  extent  in  dilute  acids  alone.  Smce,  as  will  be 
seen,  a  given  amount  of  gastric  juice  may  by  proper  managem^t  be 
made  to  digest  an  almost  indefinite  quantity  of  fibrin  if  sufficient 
time  be  allowed,  we  are  obliged  to  take,  as  a  measure  of  the  activity 
of  a  specimen  of  gastric  juice,  the  rapidity  with  which  it  dissolves  a 
given  quantity  of  fibrin. 

The  greater  the  surface  presented  to  the  action  of  the  juice,  the 
more  rapid  the  solution.  Hence  minute  division  and  constant  mofer 
ment  favour  digestion.  Neutralisation  of  the  juice  wholly  arrestB 
digestion.  Fibnn  may  be  submitted  for  an  almost  indefinite  time 
to  the  action  of  neutralised  gastric  juice  without  being  digested.  K 
the  neutralised  juice  be  again  properly  acidified,  it  becomes  auite 
as  active  as  before.  Digestion  is  most  rapid  with  dilute  hydroduoric 
acid  of  '2  p.  c.  (the  acidity  of  natural  gastric  juice).  If  the  juice 
contains  much  more  or  much  less  free  acid  than  this,  its  activity  is 
visibly  impaired.  Other  acids,  lactic,  phosphoric,  &c.  may  be  substi- 
tuted for  hydrochloric ;  but  they  are  not  so  efiectual,  and  the  d^ree 
of  acidity  most  useful  varies  with  the  diflferent  acids.  The  presence 
of  neutral  salts,  especially  sodium  chloride,  in  excess  is  injurioiis\ 
The  presence  in  a  concentrated  form  of  the  products  of  digestion  hin- 
ders  the  process.  If  a  large  quantity  of  fibrin  be  placed  in  a  smsll 
quantity  of  juice,  digestion  is  soon  arrested ;  on  dilution  with  the 
normal  hydrochloric  acid  ('2  p.  c),  or  if  the  mixture  be  submitted 
to  dialysis,  and  its  acidity  be  kept  up  to  the  normal,  the  action  re- 
commences. Digestion  is  most  rapid  at  about  35^ — 40*  C. ;  at  tie 
ordinary  temperature  it  is  much  slower,  and  at  about  0®  C.  ceases 
altogether.  Gastric  juice  may  be  kept  however  at  0*  C.  for  an  in- 
definite period  without  injury  to  its  powers. 

The  gastric  juice  of  cold-blooded  animals  is  relatively  more  active  at  lo^ 
temperatures  tlian  that  of  warm-blooded  animals ;  whether  this  is  dae  to  s 
difiei*eut  nature  of  the  gastric  juice,  or  to  attendant  circumstances,  is  vb- 
certain'.  The  digestive  fluid  obtained  from  the  stomach  of  the  crab  seems 
to  be  akin  to  pancreatic  rather  than  to  gastric  juice'. 

At  temperatures    much  above  40®  or    45®  the    action  of  tie 

1  A.  Schmidt,  Pfluger'a  Archiv,  xra.  (1876),  p.  93. 
•  Fick,  Arbeiten  Physiol.  Lab,  Wiirz,  ii.  (1873)  b.  18L 
»  Hoppe-Seyler,  Pfliiger's  Archiv,  xiv.  (1877),  8»6, 
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ce  is  impaired.  By  boiling  for  a  few  minutes  the  activity  of  the 
yst  powerful  juice  is  irrevocably  destroyed.  By  removing  the 
(xlucts  of  digestion  as  fast  as  they  are  formed,  and  by  keeping 
» the  acidity  to  the  normal,  a  given  amount  of  gastric  juice  may  be 
aule  to  digest  an  almost  unlimited  quantity  of  proteid.  This  shews 
at  the  energies  of  the  juice  are  not  exhausted  by  the  act  of 
gestion. 

It  has  been  debated  whether  this  statement  is  absolutely  true.  Dr 
tnsome'y  however,  thinks  that  the  powers  of  the  juice  are  even  increased 
'  actioa. 

Nature  of  the  action*     All  these  facts  go  to  shew  that  the 

g^tive  action  of  gastric  juice  on  proteids,  like  that  of  saliva  on 
ucb,  is  a  ferment-action ;  in  other  words,  that  the  solvent  action  of 
3tnc  juice  is  essentially  due  to  the  presence  in  it  of  a  ferment-body. 
>  this  ferment-body,  which  as  yet  has  been  only  approximately 
elated,  the  name  of  pepsin  has  been  given.  The  glycerine  extract 
mucous  membrane,  especially  of  that  which  has  been  dehydmted, 
i^tains  a  minimal  quantity  of  proteid  matter,  and  yet  is  intensely 
tive.  The  elaborate  method  of  Briicke  gives  us  a  residue  which 
Bcesses  none  of  the  ordinary  proteid  reactions,  and  yet  in  concert 
^li  normal  dilute  hydrochloric  acid  is  peptic  in  the  highest  degree. 
^  may  therefore  safely  assert  that  pepsin  is  not  a  proteid.  Biiicke's 
kidue  contained  nitrogen,  but  it  would  be  hazardous  to  assert  that 
Gtt  residue  was  nothing  but  pepsin.  At  present  the  manifestation 
peptic  powers  is  our  only  test  of  the  presence  of  pepsin. 

Briicke's'  method  is  as  follows.  Gastric  mucous  membrane  is  digested 
tfa  dilute  phosphoric  instead  of  hydrochloric  acid.  To  the  filtered  digest 
BUT  lime-water  is  added,  until  a  violet  reaction  with  litmus  is  gained.  The 
llcy  precipitate  of  calcium  phosphate  carries  down  with  it  mechanically 
^  greater  part  of  the  pepsin ;  the  supernatant  fluid  when  reacidified  has 
^little  peptic  power.  The  precipitate  is  collected,  pressed,  suspended 
"Water,  and  redissolved  carefully,  with  a  minimal  quantity  of  dilute 
^rochloric  acid,  and  reprecipitated  with  lime-water;  much  of  the 
>^oe  which  went  down  with  the  first  precipitate  is  thus  left  behind, 
ile  the  pepsin  still  clings  to  the  calcic  salt.  The  precipitate  is  again 
^^olved  in  dilute  hydrochloric  acid,  placed  in  a  flask,  and  a  solution 
oliolesterin  in  4  jmrts  alcohol  to  1  ether  is  poured  in  slowly,  through  a 
$  funnel  reaching  to  the  bottom  of  the  flask.  The  cholesterin  rises  as 
'U.lky  mass  to  the  top  of  the  liquid,  carrying  the  pepsin  with  it.  After 
'^ral  shakings  the  cholesterin  is  collected,  washed  with  water  acidulated 
^  acetic  acid,  and  then  with  pure  water.  While  still  moist,  it  is  trans- 
1^  to  a  vessel  and  shaken  with  alcohol-free  ether,  which,  dissolving  the 
^Icsterin  and  floating  on  the  top,  leaves  a  watery  stratum  below.  This 
^Ht  be  i-epeated  unUl  all  the  cholesterin  is  dissolved.  The  ether  is 
^oved,  and  the  watery  residue  is  filtered.  The  filtrate,  though  it  does 
>t  give  the  ordinary  reactions  of  proteids,  is,  when  acidulated,  most 

1  Joum.  AnaU  Phyt.  (1876),  Vol  X. 

*  MoleMhott*8  Unienuch.  vi.  (1859),  s.  479. 
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strongly  peptia  By  dialysis  it  may  be  still  ftuther  purified  (for  pepun 
will  not  pass  through  ordinary  dialysis  paper);  but  even  the  dialyaed  fluid 
gives  a  precipitate  with  basic  and  neutral  lead-acetata 

In  one  important  respect  pepsin,  the  ferment  of  gastric  joice, 
differs  from  ptyalin,  the  ferment  of  saliva.  Though  saliva  is  most 
active  in  a  faintly  alkaline  medium,  there  seems  to  be  no  spedal 
connection  between  the  ferment  and  any  alkali  In  gastric  juice, 
however,  there  is  a  strong  tie  between  the  acid  and  the  ferment,  so 
strong  that  some  writers  speak  of  pepsin  and  hydrochloric  acid  u 
forming  together  a  compound,  pepto-hydrochloric  acid. 

In  the  absence  of  exact  knowledge  of  the  constitution  of  proteids, 
we  cannot  state  distinctly  what  is  the  precise  nature  of  the  change 
into  peptone.  Judging  from  the  analogy  with  the  action  of  saliva 
on  starch,  we  may  fairly  suppose  that  the  process  is  at  bottom  one  of 
hydration.  Peptone  closely  resembling,  if  not  identical  with,  that 
obtained  by  gastric  digestion,  may  be  obtained  by  the  action  of  strong 
acids,  by  the  prolonged  action  of  dilute  acids  especially  at  hi^  tem- 
perature, or  simply  by  digestion  with  super-heated  water  in  a  rapines 
digester.  The  role  of  pepsin  therefore  is  only  to  facilitate  a  change 
which  may  be  effected  without  it.  Since,  in  the  act  of  digestion,  tne 
pepsin  itself  is  not  exhausted,  it  is  clear  that  the  eneigy  which  is 
spent  in  the  conversion  of  the  proteid  into  peptone  does  not  oome 
from  the  ferment. 

We  have  seen  that  a  particular  acid  and  a  particular  dilation  are  ino>^ 
favourable  to  digestion.  We  may  add,  that  the  natural  actiou  of  the  aci^- 
is  modified  by  the  presence  of  the  pepsin.  It  is  not  that  in  digeetioiL  tb^ 
acid  converts  the  proteid  into  acid-albumin,  which,  in  turn,  is  converted  by^ 
the  pepsin  into  peptone.  Ordinary  albumin  is  less  readily  converted  int^ 
neutralisation  products  when  pepsin  is  present,  than  when  pepsin  is  absen^^ 
and,  as  we  shall  see,  the  neutralisation  products  probably  differ  also  i^ 
nature  in  the  two  cases.  When  bones  are  treated  with  simple  hydrochl^^ 
ric  acid,  the  earthy  salts  are  dissolved  out,  and  the  animal  basis  left ;  wh^^ 
bones  are  treated  with  gastric  juice,  the  animal  basis  is  acted  on  mo^*^ 
speedily  than  the  earthy  salts  ^  The  nature  of  peptic  digestion  will  ho^^' 
ever  )>e  more  fully  discussed  under  pancreatic  digestion* 

All  proteids,  as  far  as  we  know,  are  converted  by  pepsin  int^ 
peptone.  Of  its  action  on  other  nitrogenous  substances  not  trul^ 
proteid  in  nature,  we  need  only  say  that  mucin,  nuclein,  and  tli-^ 
chemical  basis  of  homy  tissues  are  wholly  unaffected  by  it,  but  th^-"* 
the  gelatiniferous  tissues  are  dissolved  and  changed  into  a  substanc?^ 
so  far  analogous  with  peptone,  that  the  characteristic  property  o^ 
gelatinisation  is  entirely  lost. 

Chondrin  and  the  elastic  tissues  are  also  dissolved*. 

Milk  is  peculiarly  affected  by  gastric  juice,  whether  natural  O^ 
artificial.    It  is  curdled,  that  is  to  say,  its  casein  is  precipitated.   Tt*^ 

1  Eiihne,  Lehrb,  i.  40.  *  Etzinger,  ZU  /.  Biolcg,  x.  (1874),  8i 
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change  will  go  on  at  the  ordinary  temperature,  but  is  favoured  by 
that  of  35* — ¥f.    This  property  of  gastric  juice  (which  has  long  been 
known  in  domestic  life,  the  rennet  used  for  the  purpose  of  curdling 
milk  in  the  manufacture  of  cheese,  or  for  other  purposes,  being  an 
infusion  of  calves'  stomach)  does  not  depend  on  the  acidity  of  the 
juice,  i.e.  the  casein  is  not  directly  precipitated  by  the  free  acid  of 
the  juice;  for  neutralized  gastric  juice  is  efficacious.      Since  the 
property  is  lost  when  the  neutralized  juice  is  boiled,  and  the  effects 
are  so  dosely  dependent  on  temperature,  it  seems  probable — and  the 
conclusion  is  supported  by  other  facts — that  a  special  ferment  is  pre- 
sent in  the  juice,  which,  by  converting  the  milk-sugar  into  lactic  acid, 
precipitates  the  casein.    This  ferment  is  not  identical  with  pepsin, 
for  though  the  ordinary  glycerine  extract  of  mucous  membrane  is 
active,  Brucke*s  pepsin  is  powerless  in  this  directiou. 

BUe. 

The  quality  of  bile  varies  much,  not  only  in  different  animals,  but 

in  the  same  animal  at  different  times.     It  is  moreover  affected  by 

the  length  of  the  sojourn  in  the  gall-bladder ;  bile  taken  direct  from 

tbe  hepatic  duct^  especially  when  secreted  rapidly,  contains  little  or 

no  mucus ;  that  taken  from  the  gall-bladder,  as  of  slaughtered  oxen 

^  sheep,  is  loaded  with  mucus.    The  colour  of  the  bile  of  carnivorous 

^od   omnivorous  animab,  and  of  man,  is  a  bright  golden  red:  of 

pBminivorous  animals,  a  golden  green,  or  a  bright  green,  or  a  dirty 

((i^don,  according  to  circumstances,  being  much  modiBed  by  retention 

in  the  gall-bladder.    The  reaction  is  alkaline.    The  following  may  be 

^en  as  the  average  composition  of  human  bile  (Frerichs). 

In  1000  parts. 

Water     359*2 

Solids : — 
Bile  Salts 914 


Fats,  &c  ... 
Cholesterin 
Mucus  and  Pigment 
Inorganic  Salts    .«. 


9-2 
2-6 

29-8 
7-8 

140-8 


,  Bile  therefore  is  distinguished  from  the  other  alimentary  secretions 
*^y  the  entire  absence  of  proteids.  With  regard  to  the  inorganic 
***^  the  points  of  interest  are  the  presence  of  a  lars;e  quantity  of 
"94*^iJtt  chloride  ('2  to  '27  per  cent.),  the  presence  of  phosphates,  and 
^  u^^  and  manganese,  and  occasionally,  at  all  events,  of  copper.  The 
^^  oontains  sooa  in  a  very  large  amount,  and  also  sulphates,  both 
^'^^^ff  from  the  bile-salts.  The  constituents  which  deserve  chief 
^  ^Ution  are 


the  pigments  and  the  bile-salts. 

^ignumts 
^(Xk«iior  can 


la— ^ 
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which  is  also  the  chief  pigmentaiy  constituent  of  gall-stones,  and 
occurs  largely  in  the  urine  of  jaundice,  may  be  obtained  in  the  form 
either  of  an  orange-coloured  powder,  or  of  well-formed  rhombic 
tablets  and  prisms.  Insoluble  in  water,  and  but  little  soluble  in 
ether  and  alcohol,  it  is  readily  soluble  in  chloroform,  and  in  alkaline 
fluids.  Its  composition  is  C„H,gNjO^  Treated  with  oxidizing  agents, 
such  as  nitric  acid  yellow  with  nitrous  acid,  it  displays  a  succession 
of  colours  in  order  of  the  spectrum.  The  yellowish  golden  red 
becomes  green,  this  a  greenish  blue,  then  blue,  next  Tiolet,  after- 
wards a  dirty  red,  and  Anally  a  pale  yellow.  This  characteristic 
reaction  of  bilirubin  is  the  basis  of  the  so-called  Gmelin's  test  for 
bile-pigments.  Elach  of  these  stages  represents  a  distinct  pigmentary 
substance.  An  alkaline  solution  of  bilirubin,  exposed  in  a  shallow 
vessel  to  the  action  of  the  air,  turns  green,  becoming  oonyerted  into 
Biliverdin  (C^H^NgO^  or  Cj^H  N,0^  Maly),  the  green  pigment  of 
herbivorous  bile.  Biliverdin  is  also  found  in  the  edges  of  the  placenta 
of  the  bitch,  and  at  times  in  the  urine  of  jaundice,  and  is  probably 
the  body  which  gives  to  bile  which  has  been  exposed  to  the  action 
of  gastric  juice,  as  in  biliary  vomits,  its  characteristic  green  hue.  It 
is  the  flrst  stage  of  the  oxidation  of  bilirubin  in  Gmelin's  test 
Treated  with  oxidizing  agents  biliverdin  runs  through  the  same  series 
of  colours  as  bilirubin,  with  the  exception  of  the  initial  golden  red. 

W4$  have  already  discussed,  p.  30,  the  relation  of  bilirubin  to  hematoi- 
din.  Other  pigments,  biliftuci'n,  hUiprasin^  have  been  found  in  small 
quantities  in  gall-stones. 

Fresh  normal  bile,  either  of  man,  the  cow,  the  pig  or  dog,  exhibits  no 
absorption-bands,  though  these  make  their  appearance  in  the  alcoholic 
extracts,  and  when  the  bile  has  become  altered. 

When  bilirubin  has  been  oxidized  down  to  the  last  (yellowish)  stage  in 
Gmelin's  test,  the  liquid  is  found  to  contain  a  body  with  characteristic 
ubsorption-bands.  To  this  the  name  of  cholelelin  has  been  given,  ^li- 
rubin  treated,  on  the  otlu^r  hand,  with  reducing  agents  (sodium  amalgam) 
is  converted  into  a  body  called  urobilin  (hydrobilirubin),  also  with  cha- 
racteristic spectrum  appearances.  The  latter  body  is  of  interest^  since  it 
occui-8  fi^quently  in  urine,  esi)ecially  that  of  fever  patients  ^ 

The  bile-salts.  These  consist,  in  man  and  many  animals,  of 
sodium  glycocholate  and  taurocholaie :  the  proportion  of  the  two 
varying  in  diflferent  animals.  In  ox-gall,  sodium  glycocholate  is 
abundant,  and  taurocholate  scanty.  Human  bile-salts  consist  chiefly 
of  sodium  taurocholate,  there  being  only  a  small  quantity  of  sodium 
glycocholate ;  those  of  the  dog,  cat,  bear,  and  other  caniivora,  consist 
exclusively  of  the  former,  the  latter  being  entirely  absent 

In  the  bile  of  the  pig  two  peculiar  acids  are  present,  in  union  with 
sodium,  viz.,  glycohyocholic  and  taurohyocholic,  differing  however  but 
slightly  from  the  above.  Similarly,  the  bile  of  the  goose  contains  tanro- 
clienocholic  acid. 

1  Compare  Jafffe,  Virch.  Arehiv,  47,  405  ;  Heynsins  and  Campbell,  Pflfiger'f  Arehit, 
iv.  497,  X.  240 ;  Liebcrmami,  Piliiger's  Archiv,  zi.  182. 
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Insolable  in  ether  but  soluble  in  alcohol  and  in  water,  the  aqueous 
solutions  having  a  decided  alkaline  reaction,  both  salts  may  be  obtained 
by  crystallisation  in  fine  acicular  needles.  They  are  exceedingly  de« 
liquescent.  The  solutions  of  both  acids  have  a  dextro-rotatory  action 
on  pokrized  Ught 

Prepftration*  Bile,  mixed  with  animal  charcoal,  is  evaporated  to  dry- 
ness and  extracted  with  alcohol.  If  not  colourless,  the  alcoholic  filtrate 
must  be  farther  decolorized  with  animal  charcoal,  and  the  alcohol  distilled 
offl  The  dry  residue  is  treated  with  absolute  alcohol,  and  to  the  alcoholic 
filtrate  anhydrous  ether  is  added  as  long  as  any  precipitate  is  formed.  On 
standing  the  cloudy  precipitate  becomes  transformed  into  a  crystalline  mass 
at  the  bottom  of  the  vesseL  If  the  alcohol  be  not  absolute,  the  crystals  are 
very  apt  to  be  changed  into  a  thick  syrupy  fluid.  This  mass  of  crystals 
has  been  often  spoken  of  as  hUm,  Both  salts  are  thus  precipitated,  so  that 
in  such  a  bile  as  that  of  the  ox  or  man  bilin  consists  both  of  sodium  glyco- 
eholate  and  sodium  taurocholate.  The  two  may  be  separated  by  precipita- 
tion from  their  aqueous  solutions  with  sugar  of  lead,  which  throws  down 
the  former  much  more  readily  than  the  latter.  The  acids  may  be  separated 
from  their  respective  salts  by  dilute  sulphuric  acid,  or  by  the  action  of 
lead-acetate  and  sulphydric  acid. 

On  boiling  with  dilute  acids  (sulphuric,  hydrochloric),  or  caustic 
potash,  or  baryta  water,  glycocholic  acid  is  split  up  into  cholalic 
(cholic)  acid  and  glycin.  Taurocholic  aoid  may  similarly  be  split 
up  into  cholalic  acid  and  taurin.    Thus 

glyoooholio  aoid  cholalio  aoid        glycin 

C^H^NO.  +  H,0  =  C^H^O.  +  C,H,NO. 

tanrooholio  aoid  oholalio  aoid        taurin 

C^H^NSO,  +  H,0  =  C^H^O,  +  C.H^NSO,. 

Both  acids  contain  the  same  nitrogenless  acid,  cholalic  acid;  but 
this  acid  is  in  the  first  case  associated  or  conjugated  with  the  im- 
portant nitrogenous  body  glycin,  or  amido-acetic  acid,  and  in  the 
second  case  with  taurin,  or  amido-isethionic  (amido-ethyl-sulphuric) 
acid.  This  decomposition  takes  place  naturally  in  the  intestine^;  so 
that  from  the  two  acids,  after  they  have  served  their  purpose  in  diges- 
tion, the  two  ammonia  compounds  are  returned  into  the  blood.  Eidier 
of  the  two  acids,  or  cholalic  acid  alone,  when  treated  with  sulphuric 
acid  and  cane-sugar,  gives  a  magnificent  purple  colour  (Pettenkofer's 
test)  with  a  characteristic  spectrum.  A  similar  colour  is  produced 
by  the  action  of  the  same  bodies  on  albumin,  amyl  alcohol,  and  some 
other  organic  bodies. 

By  dehydration,  cholalic  acid  is  converted  into  choloidic  aoid  C^H^O|, 
or  into  dyslysin  C^H^^O,. 

Action  of  Bile  on  Food.  In  some  animals  at  least  bile  contains  a 
ferment  capable  of  converting  starch  into  sugar;  but  its  action  in 

^  Hoppe-S^ler,  Yirohow's  Archiv,  zxr.  181,  xxn.  (1868)  519. 
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this  respect  is  wholly  subordinate.  On  proteids  bile  has  no  direct 
digestive  action  whatever.  But  when  bile,  or  a  solution  of  bile-aalt^ 
is  added  to  a  fluid  containing  the  products  of  gastric  digestion,  a 
copious  precipitate  takes  place,  consisting,  chiefly  at  leasts  of  parapep- 
tone,  the  greater  part  of  the  pepsin  present  being  at  the  same  time 
carried  down  mechanically,  so  that  the  supernatant  liquid,  even  wliea 
reacidified,  has  little  or  no  peptic  powers. 

It  is  not  quite  clear  how  far  this  is  due  simply  to  the  fact  of  the  bile 
being  alkaline  or  to  some  special  action  of  the  bile-flalts.  It  has  been 
asserted  also  that  not  only  parapeptone  hut  peptone  is  carried  down  in  tiie 
precipitate,  and  that  the  pepsin  is  really  rendered  inert  hy  the  bile. 

With  regard  to  the  action  of  Inle  on  fats,  the  following  statements 
may  be  made : 

Bile  has  a  slight  solvent  action^  on  fats,  as  seen  in  its  use  by 
painters.  It  has  a  slight  but  only  slight  emulsifying  power.  A 
mixture  of  oil  and  bile  separate  after  shaking  less  rapidly  than  a 
mixture  of  oil  and  water;  this  action  is  probably  due  to  the  alkaline 
nature  of  bile.  With  free  fatty  acids,  bile  forms  soaps,  and  these 
soaps  are  especially  soluble  in  bile.  Lastly,  the  wetting  of  mem- 
branes with  bile,  or  with  a  solution  of  bile-salts,  assists  in  the 
passage  of  fats  through  the  membranes.  Oil  passes  with  oonside^ 
able  ease  through  a  filter-paper  kept  wet  with  a  solution  of  bile- 
salts  as  compared  with  one  kept  constantly  wet  with  distilled  water. 
Bile  therefore  must  be  said  to  have  a  slight  action  even  on  fats.  It 
is  probable  however  that  it  is  more  useful  when  combined  with  pan- 
creatic juice  than  when  acting  by  itself. 


Pancreatic  Juice. 

Natural  healthy  pancreatic  juice  obtained  by  means  of  a  tem- 
porary pancreatic  fistula  differs  from  the  preceding  fluids  in  tbe 
comparatively  large  quantity  of  proteids  which  it  contains.  Its  com- 
position varies  according  to  the  rate  of  secretion,  for  with  the  more 
rapid  flow  the  increase  of  total  solids  does  not  keep  pace  with  that  of 
the  water,  though  the  ash  remains  remarkably  constant. 

By  an  incisiou  through  the  linea  alha  the  pancreatic  duct  can  easily  be 
found  either  in  the  rahbit  or  in  the  dog,  and  a  cannula  secured  in  it 
There  is  no  difficulty  about  a  temporary  fistula ;  but  Bernard  found  tb«i 
with  permanent  fistulte  the  secretion  altered  in  nature,  and  lost  many  cf 
its  characteristic  properties.     N.  O.  Bernstein  ^  however,  has  succeeded  ii^ 
obtaining  permanent  fistulte  without  any  impairment  of  the  secretion. 

Healthy  pancreatic  juice  is  a  clear  viscid  fluid,  frothing  wha«3 
shaken.  It  has  a  very  decided  alkaline  reaction,  and  contains  few  o3 
no  structural  constituents. 

1  Lodwig's  Arheiient  1869,  p.  1. 
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The  average  amount  of  solids  in  the  pancreatic  juice  of  the  dog 
en  obtained  from  a  temporary  fistula  is  about  8  to  10  p.  c.\  but 
rnstein'  found  in  the  thoroughly  active  secretion  from  a  permanent 
iula  about  2*5  p.c.  (1'68 — 5*39),  '8  being  inorganic  matter.  The 
portant  constituents  are  albumin,  a  peculiar  form  of  casein,  or  alkali 
»umin  (precipitable  by  saturation  with  magnesium  sulphate),  leucin 
i  tyrosin,  a  small  amount  of  fats  and  soaps,  and  a  comparatively 
ge  quantity  of  sodium  carbonate,  to  which  the  alkaline  reaction  of 
e  juice  is  due,  and  which  seems  to  be  peculiarly  associated  with  the 
3umin. 

When  cooled  to  (f  C.  it  is  apt  to  undergo  a  sort  of  coagulation,  beoom- 
g  fluid  again  on  l)eing  gently  heated*. 

AcoordiDg  to  Kdhne^  fresh  pancreatic  juice  of  the  dog  always  contains 
rposcles  similar  to  salivary  corpuscles,  and  the  coagulation  observed  by 
imard  is  a  true  coagulation,  resulting  in  a  product  very  similar  to 
'08in.  The  coagulum  however  is  speedily  digested.  FerfecUy  fresh 
QBy  Kuhne  states,  contains  neither  peptone  nor  tyrosin,  and  only  the 
est  trace  of  leucin« 

Axtion  on  Food-stnfBsu  On  starchy  raw  or  boiled,  pancreatic  juice 
I  with  great  energy,  rapidly  converting  it  into  grape-sugar.  All 
b  has  been  said  in  this  respect  concerning  saliva  might  be  re- 
b^  in  the  case  of  pancreatic  juice,  except  that  the  activity  of  the 
^r  is  far  greater  than  that  of  the  former;  the  pancreatic  juice  and 
s^ueous  infusion  of  the  gland  are  always  capable  of  converting 
d  into  grape-sugar,  whether  the  animal  from  which  they  were 
^n  be  starving  or  well  fed.  From  the  juice,  or,  by  the  glycerine 
hod,  from  the  eland  itself,  an  amylolytic  ferment  may  be  ap- 
cmmately  isolated.  On  proteids  it  also  exercises  a  solvent  action, 
&r  similar  to  that  of  gastric  juice  that  by  it  the  proteids  are 
iTcrted  into  peptone.  If  a  few  shreds  of  fibrin  are  thrown  into 
xall  quantity  of  pancreatic  juice,  they  speedily  disappear,  especially 
^  temperature  of  35^  C,  and  the  mixture  is  found  to  contain 
tone.  The  activity  of  the  juice  in  thus  converting  proteids  into 
tone,  is  favoured  by  increase  of  temperature  up  to  4fb*  or  there- 
uts,  and  hindered  by  low  temperatures;  it  is  permanently  de- 
y^  by  boiling.    The  digestive  powers  of  the  juice  in  fact  depend, 

those  of  gastric  juice,  on  the  presence  of  a  ferment     A  glycerine 
*^t  of  pancreas,  prepared  in  the  same  method  as  that  of  the 
^c  mucous  membrane,  is  active  on  proteids  (under  appropriate 
^tions),  like  the  native  juice. 
^'^e  appearance  of  fibrin  undergoing  pancreatic  digestion  is  how- 

^iiFerent  from  that  undergoing  peptic  digestion.  In  the  former 
tli«  fibrin  does  not  swell  up,  but  remains  as  opaque  as  before,  and 
to  suffer  corrosion  rather  than  solution.    But  there  is  a  still 

^  Beniard,  Le^  Phy$.  Exp.  (1S55),  u.  287.  '  Bernstein,  op,  dU 

*  Bernard,  Le^.  Phyt.  Exp,  ii.  280. 

«  VtrhandL  HHdeW.  NaturhUt.  Med.  Vereint,  1876. 
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more  importaDt  distinction  between  pancreatie  and  peptic  digesdoo 
of  prot^'ids.  Peptic  digestion  is  essentially  an  acid  oigesticHi ;  we 
have  seen  that  the  action  only  takes  place  in  the  presence  of  an  add, 
and  is  arrested  by  neutralization.  Pancreatic  digestioo,  on  the  other 
hand,  is  essentisJly  an  alkaline  digestion;  the  action  will  not  take 
place  unless  some  alkali  be  present;  and  the  activity  of  an  alkaline 
juice  is  arrested  by  acidification,  and  Iiindered  by  neutndizatioiL 
The  glycerine  extract  of  pancreas  is  under  all  circumstances  as  inert 
in  the  presence  of  free  acid  as  that  of  the  stomach  in  the  presence  of 
alkalis.  If  the  digestive  mixture  be  supplied  with  sodium  carbonate 
to  the  extent  of  1  p.  c,  digestion  proceeds  rapidly,  just  as  does  a 
peptic  mixture  when  acidulated  with  hydrochloric  acid  to  the  extent 
of  '2  p.  a  Sodium  carbonate  of  1  p.  a  seems  in  foci  to  play  in 
pancreatic  digestion  a  part  altogether  comparable  to  that  of  hydro- 
chloric acid  '2  p.  c.  in  gastric  digestion. 

When  isolated  ferment,  as  the  glycerine  extract  of  pancreas,  is  ope- 
rated with,  -1  p.  c.  of  free  hydrochloric  acid  is  sufficient  to  arrest  the 
action.  With  distilled  water  the  digestion  goes  on  but  Teiy  slowly,  and. 
the  addition  of  sodium  carbonate  quickens  the  change,  in  proportion  V^ 
the  quantity  added,  op  to  about  *9  or  1  *2  p.  c.  Beyond  this,  further  alkali 
is  a  hindrance,  and  lai^  quantities  stop  the  process  altogether.  Kle, 
which  arrests  peptic  digestion,  seems,  if  anything  faTonrahle  to  pancrealic 
digestion  \ 

Corresponding  to  this  difference  in  the  helpmate  of  the  ferment, 
there  is  in  the  two  cases  a  difference  in  the  nature  of  the  products. 
In  both  cases  peptone  is  produced,  and  such  differences  as  can  at 
present  be  detected  between  pancreatic  and  gastric  peptones  aie 
comparatively  slight ;  but  in  pancreatic  digestion  the  bye  product  is 
not,  as  in  gastric  digestion,  a  kind  of  acid-aJbumin,  but  a  bodiy  having 
more  analogy  with  alkali-albumin. 

Before  solution  has  actually  taken  place  the  fibrin  becomes 
altered  in  character.  It  is  soluble  not  only  in  dilute  acids  and  alka- 
lis«  but  also  in  a  10  per  cent,  solution  of  sodium  chloride,  and  the 
solutions  obtained  by  the  latter  reagent  are  coagulable  on  boiling 
and  on  the  addition  of  strong  nitric  acid  The  first  action  of  the 
puioroatio  juice  therefore  seems  to  be  to  convert  the  proteid  under 
digestion  into  a  IxkIv  intermediate  between  alkali-albumin  and  oidi- 
narv  native  albumin. 

But  though  the  general  characters  of  pancreatic  and  gastnc 
digestion  are  on  the  surface  so  similar,  it  is  more  than  probable  thaf 
pn>fouud  differences  do  exist  between  them.  This  is  shewn  by  th( 
aniH^amuee,  in  the  jvuicroatic  digestion  of  proteids,  of  two  remark 
able  niln^gi^nous  crystalline  boilies,  leucin  and  iyrosin.  When  fibrit 
(or  other  pn>teid)  is  submit tevl  to  the  action  of  pancreatic  juice,  tiw 
amount  of  ivptono  which  can  be  recovered  from  the  mixture  fell- 
far  short  of  tno  original  amount  of  proteids,  much  more  so  than  in  tk' 

^  Haia«nhaiii,  rfllls«r*8  drcAir,  x.  (1^5)  557. 
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of  gastric  juice;  and  the  longer  the  digestive  action,  the  greater 
tiis  apparent  loss.  If  a  pancreatic  digestion  mixture  be  freed 
I  the  alkali-albumin  by  neutralization,  and  after  concentration 
evaporation  be  treated  with  excess  of  alcohol,  most  of  the 
tone  will  be  precipitated.  The  alcoholic  filtrate  when  con- 
.rated,  gives,  on  cooling,  crystals  of  tyrosin,  and  the  mother  liquor 
1  these  crystals  will  afford  abundance  of  crystals  of  leucin.  Thus 
.he  action  of  the  pancreatic  juice  a  considerable  amount  6f  the 
;eid,  which  is  being  digested,  is  so  broken  up  as  to  give  rise  to 
iucts  which  are  no  longer  proteid  in  nature.  From  its  decom- 
tion  there  arise  leucin,  tyrosin,  and  probably  several  other  bodies, 
1  as  fatty  acids  and  volatile  substances.  In  gastric  digestion  such 
omplete  destruction  of  proteid  material  occurs  to  a  much  less 
3nt;  neither  leucin  nor  tjrrosin  can  at  present  be  considered  as 
aral  products  of  the  action  of  pepsin. 

As  is  well  known,  leucin  and  tyrosin  are  the  bodies  which  make 
ir  appearance  when  proteids  or  gelatin  are  acted  on  by  dilute 
Is,  alkalis,  or  various  oxidising  agents.  Now  leucin  is  amido- 
roic  acid,  and  thus  belongs  distinctly  to  the  fatty  bodies,  while 
fiin  is  a  member  of  the  aromatic  group,  being  closely  related  to 
Boic  acid.  So  that  in  pancreatic  digestion  we  have  the  large 
plex  proteid  molecule  split  up  into  its  constituent  fatty  acid  and 
Qatic  molecules,  and  into  its  other  less  distinctly  known  cem- 
ents. 

Dhe  presence  of  these  bodies  and  of  the  alkali-albumia  in  pancreatic 
'  is  probably  due  to  an  intrinsic  digestion  taking  place  in  the  secretion 
*  passes  along  the  duet  or  after  ib  has  been  collected.  Among  the 
lementary  products  of  pancreatic  digestion  may  be  enumerated  a  body 
li  gives  a  violet  colour  with  chlorine  water  (this  reaction  is  often  seen 
le  juice  itself),  and  indole  to  which  apparently  the  strong  and  peculiarly 
I  odour  which  makes  its  appearance  during  pancreatic  digestion  is  due. 
ndol,  however,  unlike  the  leucin  and  tyrosin,  is  possibly  not  a  product 
ire  pancreatic  digestion,  but  of  an  accompanying  decomposition  due  to 
tction  of  organised  ferments.  A  pancreatic  digestive  mixture  soon  be- 
«  swarming  with  bacteria,  in  spite  of  careful  precautions,  when 
ral  juice  or  an  infusion  of  the  gland  as  used.  When  isolated  ferment 
ed,  and  atmospheric  germs  excluded,  no  odovur  whatever  is  produced  *, 
gh  cai*bonic  acid  and  nitrogen  are  set  free  ;  and  Kiihne  found  no  indol 
uced  when  pancreatic  digestion  was  carried  on  in  the  presence  of 
f\iQ  acid,  which  prevents  the  development  of  bacteria  and  like  or- 
tina 

Viier  long-continued  digestion,  espeeially  when  accompanied  by  putre- 
re  decomposition,  the  amount  of  proteids  which  are  carried  beyond  the 
:>ne  stage  and  broken  up,  may  be  very  great.  A  slight  diiference  be- 
n  pancreatic  and  gastric  digestion  may  be  found  in  the  fact,  that  while 
:i  boiled  as  well  as  raw  is  readily  acted  on  by  pancreatic  juice,  boiled 
min,  syntonin,  &c.  resist  the  action  of  pancreatic  juice  to  a  much 
ter  extent  than  they  do  that  of  gastric  juice. 

»  ^ttfner,  J.  /.  PrakU  Chem.  N.  F.  x.  1. 
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Theory  off  digestive  FrQteoly8i8»  The  ampleit  Tiew  of  peptic  diges- 
tion is  xhstk  of  £rueke'%  that  the  fibrin  or  albamin,  k»,  is  fint  oooTerted 
into  svntonin  \  pmrspeprone  >.  and  that  the  synunin  (panpepfame)  is  oonvoied 
into  peptone :  and  \s  moneorer  supported  by  the  fact  that  the  final  result  of 
digestion  with  a  Terr  active  jnice  is  nothing  bat  pept(»e.     There  are  frets 
however  which  shew  that  so  simple  a  view  cannot  be  aooepted.     MeisBuer' 
came  to  the  conclosion,  based  on  Terr  laborious  researdieSy  that  the  con- 
version into  svntonin  was  followed  bv  the  splitting  up  of  that  bodj  into 
pepione  and  parapeptone^  the  latter  being  distingoished  from  oxdinaxy  ijn- 
tonin  not  bv  its  general  chancters»  bat  bj  the  fiurt  that  it  was  incapable  of 
being  farther  converted  into  peptone  bv  the  action  of  gastric  jnioei  though 
it  coald  andergo  that  change  nnder  the  influence  of  pancreatic  joice.    He 
farther  described  two  sabsidiarr  prodact%  nutapeplone  and  dytpepkme^  but 
the  characters  he  assigned  to  those  bodies  were  ansatiaCMTtoiy.     He  more- 
over spoke  of  three  kinds  of  peptone,  A.  B  and  C  peptone^  the  last  not  being 
precipitable,  whilst  the  first  two  are,  bvaceticacid  and  potassiam  fierrocymidei 
^  in  a  weaklr  acid,  ^  in  a  stronglv  acid  solation  ;  in  other  words^  (7  is  s 
perfect  peptone  and  A  and  B  are  imperfect  peptones.     Klihne*  is  of  opinion 
that  every  natural  proteid  consists  oi,  and  may  be  split  np  into^  two  elemaitB, 
belonging   to  what  he  caUs  respectively  the  omH  gxo«4>  and  the  km 
groap.     When  a  proteid  is  digested  by  tryptinj  such  bong  the  name  iHiidi 
Kuhne  gives  to  the  purified  pancreatic  ferment  capable  61  acting  on  pit>- 
teids,  two  peptones  are  produced,  an  antipepiona  and  a  kemipepkme.    Of  tbe» 
the  first,  antipeptone,  undergoes  no  further  change  under  the  action  of  trypan; 
it  remains  a  peptone.    Hemipeptone  on  the  other  hand  is  readily  decompoRd 
by  trypsin  into  leucin,  tyrosin  and  the  other  prodocta  of  pancreatic  digestioa 
So  also  when  a  proteid  is  digested  by  pepsin,  the  sameantip^ptone  and  hemi- 
peptone are  formed ;  but,  unlike  tiypsin,  pepsin  cannot  produce  any  fbitber 
change  in  the  hemipeptone.     (The  assertion  that  leucin  and  tyrosin  ai^war 
as  products  of  peptic  digestion,  is  explained  by  the  fiu:t  that  pepsin  is  asMci- 
ated  in  the  gastric  membrane  with  a  proteid  body,  which  gives  up  oon8ide^ 
able  quantities  of  leucin  and  tyrosin  when  dissolved  in  a  dilate  acid.  Trypsin 
also  is  associated  with  a  similar  body  in  the  pancreas.)     Thus  the  lesolts  of 
peptic  and  tryptic  digestion  together  are  antipeptone  with  leacin,  tjrosin, 
«fcc.,  the  latter  arising  &om  the  profounder  tryptic  digestioa  of  hemipeptone 
Between  these  peptones  however  and  the  original  proteid  are  varioos  stsgeii 
and,  under  certain  circumstances,  various  bye  productSL     Thus  antipeptone 
has  for  its  antecedent  ajUicdbumom  (Brucke*k  parapeptone)  agreeing  in  iti 
general  characters  with  the  syntonins^  but  capable  of  conversion  into  snti- 
peptone  only,  never  into  hemipeptone.    Similarly  hemipeptone  has  an  snte- 
cedent  hemialbumo&e  (apparently  Meissner's  A  peptone)  soluble  in  dilate sadi 
and  alkalis  and  in  a  10  pi  c.  sodium-chloride  s^ution,  and  convertible,  bf 
the  agency  of  pepsin  or  trypsin,  into  hemipeptone,  and  of  trypsin  alone  into 
leucin,  tyrosin,  kii.     The  action  of  dilute  hydrochloric  acid  at  40*  on  pro- 
teids  gives  rise,  on  the  side  of  the  hemi-group,  to  hemialbumose  and  so 
to  hemipeptone.    By  the  action  of  sulphuric  acid  at  100*  C.  the  haoupeptone  - 
is  further  reduced  to  leucin,  tyrosin,  «bc.     On  the  side  of  the  anti-frf^i^^ 
these  agents  give  rise  to  a  body  which  Kiihne  calls  aiUiaUmmaU^     Tlii^ 

^  Wien,  Sitzmufiherieht^  ixxvii.  131,  zlxq.  601. 

»  ZL  f.  Rat.  Med,  vn.  1,  vin.  280,  x.  1,  xn.  4e»  xrr.  SOS. 

3  Va-handU  NatwrhUt.  Med.  Verniu,  Heidel.  1876. 
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bstance  also  oocars  in  digestive  mixtures  where  the  pepsin  is  insufficient. 
is  not  capable  of  any  change  under  the  influence  of  pepsin,  but  by  trypsin 
converted  into  antipeptone.  It  is  evidently  the  real  parapeptone  of  Meiss- 
or.  These  resalts  of  Kiihne  it  will  be  seen  reconcile  some  previous  con- 
adictions ;  and  the  distinction  of  the  anti-  and  hemi-groups,  if  it  prove 
\  general  as  KtLhne  supposes,  throws  a  great  light  on  proteid  metabolism. 
*  may  be  remarked,  in  passing,  that  hemialbomose  agrees  very  closely  with 
le  peculiar  proteid  body  discovered  by  Bence  Jones  in  the  urine  of  a  case 
r  osteomalacia.  According  to  Kiihne,  while  the  activity  of  trypsin  is 
atirely  destroyed  by  digestion  with  pepsin,  trypsin  has  no  such  effect  on 
epsin. 

On  the  gelatiniferous  elements  of  the  tissues^  unless  they  have 
icen  previously  tieated  with  acid  or  heated  with  water,  pancreatic 
oice  appears  to  have  no  solvent  action.  In  this  respect  it  affords  a 
inking  contrast  to  gastric  juice\ 

Trypsin,  unlike  pepsin,  will  dissolve  mucin.  Like  pepsin,  it  is  inert 
ovards  nuclein,  homy  tissues,  and  the  so-called  amyloid  matter. 

On  Fata  pancreatic  juice  haa  a  twofold  action :  it  emulsifies 
^em,  and  it  splits  up  neutral  fats  into  their  respective  acids  and 
lyoerine. 

If  hog's  lard  be  gently  heated  till  it  melts  and  be  then  mixed 
tih  pancreatic  juice  before  it  solidifies  on  cooling,  a  creamy  emul- 
>n,  lasting  for  almost  an  indefinite  time,  is  formed.  So  also  when 
v^e  oil  is  shaken  up  with  pancreatic  juice,  the  separation  of  the 
o  fluids  takes  place  very  slowly,  and  a  drop  of  the  mixture  under 
d  microscope  snewa  that  the  division  of  the  fat  is  very  minute. 
^  alkaline  aqueous  infusion  of  the  gland  has  similar  emulsifying 


If  perfectly  neutral  fat  be  treated  with  pancreatic  juice,  espe- 
^y  at  the  body-temperature,  the  emulsion  speedily  takes  on  an 
^d  reaction,  and  by  appropriate  means  not  only  the  corresponding 
ty  acids  but  glycerine  may  be  obtained  from  the  mixture.     When 

aJkali  is  present,  the  fatty  acids  thus  set  free  form  their  corre- 
^iiding  soaps. 

I^ancreatic  juice  contains  fats,  and  is  consequently  apt  after  collection 
«^ave  its  alkalinity  reduced,  and  an  aqueous  infusion  of  a  pancreatic 
^4  (which  always  contains  a  considerable  amount  of  fat)  very  speedily 
^Uies  acid. 

^Xhus  pancreatic  juice  ia  remarkable  for  the  power  it  possesses  of 
-ix^g  on  all  the  food-stufis,  on  starch,  fats  and  proteids. 

The  action  on  starch  and  on  proteids  is  certainly,  and  the  splitting  up 
Ciitty  acids  is  probably,  diM  to  the  presence  of  distinct  ferments,  and 
^i^ewsky'  has  suggested  a  method  for  isolating  these  three  ferments. 

^  Bwsld  and  Kttbne,  VerhandL  Naturhiit.  Med.  Vereint,  Heidelberg.  Bd.  I.  (1876). 
Arir^ow's  ArchiVt  zxr.  p.  270. 
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The  emulsifying  power,  on  the  other  hand,  is  connected  with  the  general 
composition  of  the  juice  (or  of  the  aqueous  infusion  of  the  gUnd),  bemg 
probably  in  large  measure  dependent  on  the  alkali-albumin  present  Hie 
proteolytic  ferment  trypsin  contains,  according  to  KUhne,  a  considereble 
quantity  of  nitrogen;  and  the  fact  that  it  can  be  digested  by  pepsin  would 
seem  to  indicate  that  it  is  really  proteid  in  nature.  There  are  no  meaiia 
of  distinguishing  the  amylolytic  ferment  of  the  pancreas  from  ptyalin. 

The  action  of  pancreatic  juice,  or  of  the  infusion  or  extract  of  the 
gland,  on  starch,  is  seen  under  all  circumstances,  whether  the  animal 
be  fasting  or  not.  The  same  may  probably  be  said  of  the  action  on 
fats. 

Pancreatic  juice,  when  secreted  in  a  normal  state,  is  always  active 
on  proteids\  The  glycerine  extract  or  aqueous  infusion  of  the 
gland,  on  the  contrary,  differs  at  different  times ;  prepared  from  an 
animal  some  4  to  10  hours  after  food  has  been  taken,  it  is  yeiy 
powerful ;  prepared  from  a  fasting  animal,  it  exhibits  scarcely  any 
action  at  aL     To  this  point  we  shall  return  immediately. 

Succus  Entericus. 

When,  in  a  living  animal,  a  portion  of  the  small  intestine  is  liga- 
tured, so  that  the  secretions  coming  down  from  above  cannot  enter 
its  canal,  while  yet  the  blood-supply  is  maintained  as  usual,  a  smalL- 
amount  of  secretion  collects  in  its  interior.    This  is  spoken  of  as  tbe^^ 
8UCCIIS  entericus,  and  is  supposed  to  be  furnished  by  the  glands  (A 
Lieberkiihn.    We  have  no  exact  knowledge  however  as  to  what 
extent   such  a  secretion  takes  place  under  normal  circumstances; 
and  the  statements  with  regard  to  its  action  are  conflicting.    Thus  it 
has  been  said  to  act  on  starch,  to  convert  proteids  into  peptone,  and 
to  emulsify  fats ;  on  the  other  hand,  each  of  these  actions  has  been 
denied. 

Thiry'  divided  the  small  intestine  in  two  places  at  some  distance 
apart.  By  £ne  sutures  he  united  the  lower  end  of  the  iipper  with  the 
upper  end  of  the  lower  section,  thus  as  it  were  cutting  out  a  whole  pieos 
of  the  small  intestine  from  the  alimentary  tract.  In  successful  casei^ 
union  between  the  cut  surfaces  took  place,  and  a  shortened  but  otherwise 
satisfactory  canal  was  established.  Of  the  isolated  piece  the  lower  end  was 
carefully  closed  by  sutures,  while  the  upper  was  brought  to  the  wound  in 
the  abdominal  wall  and  secured  there.  A  fistula  was  thus  formed,  leading 
into  a  short  piece  of  intestine  quite  isolated  from  the  rest  of  the  alimentazy 
canal.  From  this  isolated  intestine  Thiry  obtained  a  thin  yellowiflh 
alkaline  albuminous  secretion  which  dissolved  fibrin  very  much  in  the 
same  way  as  does  pancreatic  juice,  but  was  ineffectual  on  other  proteids 
and  had  no  action  on  starch.  Kolliker  and  H.  MillJer  found  that  proteids 
inti*oduced  into  the  intestines  were  digested  in  the  case  of  camivora,  hat 
not  in  the  case  of  herbivora.     Funke*  also  agrees  with  Thiry  that  starch 

*  N.  0.  Bernstein,  I,  c.         »  Wien.  Sitzungtbericht,  l.  77.         •  LeMt,  p.  190, 
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scted  into  isolated  loops  of  rabbit's  intestine  is  not  converted  into  sugar ; 
lie  Frerichs  and  Busch  came  to  the  opposite  conclusion.  Certtunly 
ses  of  the  intestine  of  the  pig  or  of  the  rabbit,  or  a  glycerine  extract  of 

pieces,  will  rapidly  convert  starch  into  sugar;  and  it  is  difficult  to 
»po6e  that  this  action  is  due  to  an  admixture  of  pancreatic  juice  which 
I  not  been  thoroughly  removed  by  washing,  since  pieces  of  the  intestine 
the  sheep,  which  are  also  subject  to  admixture  with  active  pancreatic 
oe,  are,  when  similarly  treated,  inert  as  far  as  starch  is  concerned.    Still 

great  stress  can  be  laid  on  this,  since  an  amylolytic  ferment  can  be 
toined  from  almost  every  part  of  the  body  of  a  pig  or  a  rabbit. 

Succus  entericus  has  also  been  said  to  change  cane-  into  grape- 
gar,  and  by  a  fermentative  action  to  convert  cane-sugar  into  lactic 
id,  and  this  again  into  butyric  acid  with  the  evolution  of  carbonic 
dd  and  free  hydrogen. 

Of  the  possible  action  of  other  secretions  of  the  alimentary  canal, 
t  of  the  caecum  and  large  intestine,  we  shall  speak  when  we  come 
consider  the  changes  in  the  alimentary  canal 

Of  the  secretion  of  Brunner'd  glands  ^e  can  only  say  that  it  is  a  viscid 
id  containing  mucus,  which  does  not  act  on  fats,  and  probably  not  on 
»teid8. 


c,  2.    The  Act  of  Secretion  in  the  case  of  the  Digestive 
^tacEs,  AND  the  Nervous  Mechanisms  which  regulate  it. 

The  various  juices  whose  properties  we  have  just  studied,  though  so 
*etent  from  each  other,  are  all  drawn  ultimately  from  one  common 
*X3e,  the  blood,  and  they  are  poured  into  the  alimentary  canal,  not 
&  continuous  flow,  but  intermittently  as  occasion  may  demand. 
^  epithelium  cells  which  supply  thepi  have  their  periods  of  rest 
I  of  activity,  and  the  amount  and  quality  of  the  fluids  whi6h  these 
B  secrete  are  determined  by  the  needs  of  the  economy  as  the  food 
ses  along  the  canal.  We  have  therefore  to  consider  how  the 
tbelium  cell  manufactures  its  special  secretion  out  of  the  ma- 
ntis supplied  to  it  by  the  blood,  and  how  the  cell  is  called  into 
^vity  by  the  presence  of  food  at  some  distance  from  itself,  or  by 
^mstances  which  do  not  bear  directly  on  itself.  In  dealing  with 
Se  matters  in  connection  with  the  digestive  juices,  we  shall  have 
-titer  at  some  length  into  the  physiology  of  secretion  in  general. 
The  question  which  presents  itself  first  is,  Docs  the  epithelium 
t$impiy  serve  as  a  filter,  merely  draining  off  from  the  Wood  the 
-B-dy  formed  constituents  of  its  secretion,  each  cell  being  fitted 
Borne  way  to  catch  and  deliver  particular  substances?  in  other 
f^.  Is  secretion  merely  selection,  just  as  from  a  mixture  of  shots 
Y^ous  sizes  a  selection  might  be  made  by  passing  them  over  a 
'^^  of  sieves  with  meshes  of  varying  width  ?  or  does  the  cell  draw 


206  MECHANISM  OF  SECRETION.  [BooiE. 

upon  the  blood  for  the  nutritive  elements  required  for  the  growth  of 
all  protoplasm,  and  out  of  those  common  elements  manu&ctaie  in 
the  recesses  of  its  own  substance  the  chemical  bodies  which  diano- 
terize  the  fluid  it  pours  forth  ? 

This  question  is  naturally  the  first  to  be  asked^  nevertheless  it 
will  be  of  advantage  to  defer  it  for  the  present,  and,  while  still 
bearing  it  in  mind,  to  pass  on  to  the  second  question:  Bv  what 
mechanism  is  the  activity  of  the  secreting  cells  brought  into  play? 

While  fasting,  a  small  quantity  only  of  saliva  is  poured  into  the 
mouth ;  the  buccal  cavity  is  just  moist  and  nothing  more.  When 
food  is  taken,  or  when  any  sapid  or  stimulating  substance,  or  indeed 
a  body  of  any  kind,  is  introduced  into  the  mouth,  the  flow  induced 
may  be  very  copious.  Indeed  the  quantity  secreted  in  ordinary  life 
during  24  hours  has  been  rou^^hly  calculated  at  as  much  as  from  1  to 
2  litres.  An  abundant  secretion  in  the  absence  of  food  in  the  month 
may  be  called  forth  by  an  emotion,  as  when  the  mouth  waters  at  the 
sight  of  food,  or  by  a  smell,  or  by  events  occurring  in  the  stomach,  as 
in  some  cases  of  nausea.  Evidently  in  these  cases  some  nervous 
mechanism  is  at  work.  In  studying  the  action  of  this  nervous 
mechanism,  it  will  be  of  advantage  to  confine  our  attention  at  first 

to  the  submaxillary  gland. 

The  submaxillary  gland  (Fig.  36)  is  supplied  with  nerves  from 
two  sources :  from  the  cervical  sympathetic  along  the  submaxillary 
arteries,  and  from  the  seventh  or  facial  nerve  by  fibres,  which,  run- 
ning in  the  chorda  tympani,  join  the  lingual  branch  of  the  fifth 
nerve,  from  which  they  diverge  close  under  the  lower  jaw,  and  run  as 
a  small  nerve  close  beside  the  duct  to  the  gland. 

If  a  tube  be  placed  in  the  duct,  it  is  seen  that  when  sapid 
substances  are  placed  on  the  tongue,  or  the  tongue  is  stimulated  in 
any  other  way,  or  the  lingual  nerve  is  laid  bare  and  stimulated  with 
an  interrupted  current,  a  copious  flow  of  saliva  takes  place.  If  the 
sympathetic  be  divided,  stimulation  of  the  tongue  or  lingual  nerve 
still  produces  a  flow.  But  if  the  small  chorda  nerve  spoken  of  above 
be  divided,  stimulation  of  the  tongue  or  lingual  nerve  produces  no  flow. 

Evidently  the  flow  of  saliva  is  a  nervous  reflex  action,  the  lingual 
nerve  serving  as  the  channel  for  the  afferent  and  the  small  chorda 
nerve  for  the  efferent  impulses.  If  the  trunk  of  the  lingual  be  di- 
vided above  the  point  where  the  chorda  leaves  it,  as  at  Fig.  36  n.r, 
stimulation  of  the  tongue  produces,  under  ordinary  circumstances,  no 
flow.  This  shews  that  the  centre  of  the  reflex  action  is  higher  up 
than  the  point  of  section ;  it  lies  in  fact  in  the  brain. 

In  the  angle  between  the  lingual  and  the  chorda,  where  the  latter 
leaves  the  former  to  pass  to  the  gland,  lies  the  small  submaxillary  ganglion 
(represented  diagrammatically  in  Fig.  36,  sm,  gl,),  from  which  branches 
pass  to  the  lingual  on  the  one  hand  and  to  the  chorda  on  the  other;  branches 
may  also  be  traced  towards  the  ducts  and  glands  and  towards  the  tongue. 
It  has  been  much  debated  whether  this  ganglion  can  act  as  a  centre  of 
reflex  action. 
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Bernard'  found  that  after  He  had  divided  the  conjoined  lingual  and 
chorda  at  aboat  one  cm.  above  the  place  where  the  chorda  diverges  to  the 
gland  (as  at  N.  f  Fig.  36),  Btimulatioii  of  the  lingual  at  about  3  or  4  cm. 
diat&aoe  bolow  the  ganglion  still  caused  a,  flow  of  saliva;  this  effect  bow- 
erer  was  no  longer  seen  when  the  branches  passing  firom  the  ganglion 
to  the  lingnal  had  been  previously  divided.  He  explained  the  result  by 
supposing  that  the  impulBee  generated  by  the  stimulus  were  conveyed  by 
affereat  fibres  in  the  lingual,  along  the  lingual  roots  of  tfae  ganglion  to  the 
fpa^etOf  and  were  theuce  reflected  by  effereiit  fibres  along  the  branches  fivm 


(Thii  U  not  Intended  to  Umtrate  the  exact  anstomical  Tetations  ol  the  several 
Itnurtnraa.) 

«■>.  pid.  The  nibmaiiUa>7  gland.  Into  the  dnet  (wm.  d.)  of  which  a  eanutda  has 
been  Ued.    The  eablingnal  gland  and  doot  are  not  sbewa. 

a.1.,  ii.r.  The  lingual  branch  neiTe.  ch.  (.,  eh.t.  The  chorda  t;mpaiii,  proceeding 
from  the  fsdal  uerre,  besoming  conjoined  with  the  liognal  at  n.V  and  afterwards 
diverging  and  pauing  to  the  gland  along  the  duct. 

fm.  gl.  The  nibinaiiUaiy  ganglion  with  its  several  roots.  «.  I.  The  lingual  pro- 
ceeding to  the  tongue. 

«.  ear.  The  carotid  artery,  two  branohei  of  which,  a.m.a.  and  T.*M.p.,  past  to'tfae 
anterior  and  posterior  parts  of  the  gland,  r.  im.  the  anterior  and  v.  the  posterior  veins 
faom  the  ^and,  falling  into  v.j.  the  ingular  veia. 

•-  fyx.  The  eonjoined  vsgni  and  lynipBtbetic  trunks. 

gLeer.t.  The  tnper-oarncal  ganglion,  two  biancbea  of  which  forming  a  plexus 
(a./.)  over  the  fadal  artery,  are  distributed  (n.tym.tm.jaloiigthe  two  glandular  arteries 
to  the  anterior  and  poiterior  portions  of  the  glaiod. 

The  arroirs  Indicate  the  direction  taken  by  the  nervous  ImpaUes  during  reflex 
■tlmnlation  of  the  gland.    The;  asoend  to  the  brain  b;  the  lingual  and  descend  bj  the 

>  Comsta  Undut,  1863,  ii.  Sil. 
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the  ganglion  to  the  chorda  and  so  to  the  gland.  The  ganglion^  in  Sbu^  acted 
as  a  reflex  centre.  The  same  apparent  reflex  secretion  could  also  be  induced 
but  less  readily  by  pinching  the  peripheral  branches  of  the  lingual  near  the 
tongue,  or  by  dipping  them  into  concentrated  salt  solution,  in  this  cue 
also  the  secretion  failed  to  appear  if  the  lingual  roots  of  the  ganglion  were 
divided.  Such  a  reflex  secretion  was  very  difficult  to  obtain  by  stimuktion 
of  the  mucous  membrane  of  the  tongue;  but  Bernard  was  successful  irliea 
he  stimulated  the  tongue  directly  with  a  galvanic  current  or  drew  the 
tongue  out  and  placed  ether  on  its  surface.  The  secretion  in  all  these  cases 
was  accompanied  by  a  dilation  of  the  blood-vessels  of  the  gland,  and  the 
effect  on  the  gland  was  indeed  wholly  similar  to  that  of  directly  stimulating 
the  chorda.  Bernard  further  insisted  that  in  these  experiments  no  antesthetiGS 
were  to  be  used,  and  observed  that  the  reflex  effect  was  no  longer  visible 
when  two  or  three  days  had  elapsed  after  section  of  the  conjoined  lingaal 
and  chorda  trunks.  Both  these  facts  rather  militate  against  his  view,  since 
it  seems  improbable  that  a  sporadic  ganglion  should  be  susceptible  of 
anaesthetics,  or  that  degeneration  and  functional  incapacity  of  the  ganglion 
should  follow  upon  section  of  the  conjoined  lingual  and  chorda  so  long  u 
the  afferent  and  efferent  connections  of  the  ganglion  with  the  gland  and 
tongue  were  kept  up. 

Eckhard^  in  repeating  Bernard's  experiments  failed  to  obtain  any  effect 
from  dipping  the  endings  of  the  lingual  nerve  in  salt  solution  or  from 
placing  ether  on  the  tongue,  and  he  very  naturally  argued  (being  sop- 
])orted  in  this  by  Heidenhain')  that  the  effects  seen  when  galvanic  stimu- 
lation was  employed  were  due  to  an  escape  of  the  current  upon  the  chorda 
fibres.  Schiff'  did  obtain  reflex  secretion  after  section  of  the  coDJoined 
lingual  and  chorda,  by  direct  galvanic  stimulation  of  the  tongue  and  bj 
pouring  ether  on  the  surface  of  that  organ;  but  the  currents  necessary  in 
the  flrst  case  to  produce  any  effect  were  so  strong  that  escape  miist  have 
taken  place,  and  in  the  second  case  the  secretion  appeared  even  though  the 
lingual  was  divided  close  under  the  tongue,  and  when  therefore  this 
nerve  could  not  have  been  the  channel  for  conveying  impulses  to  the  sub- 
maxillary ganglion.  He  fui'ther  pointed  out  that  in  large  dogs  at  all 
events,  certain  fibres  of  the  chorda  after  running  along  the  conjoined 
lingual  and  choixla  do  not  leave  the  lingual  with  the  rest  of  the  fibres  going 
straight  to  the  gland,  but  continue  in  the  lingual  close  up  to  the  tongue, 
then  bend  round  and  as  recun*cnt  fibres  run  back  and  eventually  join  the 
nerve  going  to  the  gland.  He  in  consequence  argued  that  Bernard  in 
stimulating  the  lingual  below  the  divergence  of  the  chorda  was  in  reality 
stimulating  not  afferent  but  efferent  fibres.  But  in  such  a  case,  tlicM 
recurrent  fibres  must  pass  to  the  chorda  through  the  ganglion,  if  BemanTs 
result  be  true  that  the  reflex  effect  ceases  when  the  lingual  roots  of  the 
ganglion  are  divided.  Schiff  further  states,  that  these  recurrent  fibres 
degenerate  in  the  retrograde  portion  of  their  course  when  the  lingual  is 
divided  near  the  tongue,  and  that  no  effect  follows  upon  stimulation  of  the 
lingual  after  section  of  the  conjoined  chorda  and  lingual  if  the  lingual  have 
some  five  or  six  ihu's  previously  been  divided  close  to  the  tongue  so  as  to 
cause  degeneration  of  the  recurrent  fibres,  provided  that  the  stimulation  be 

J  Zt.f.  Hat.  ^ffd,  xxnc  (1867),  p.  74.  '  Breslau  Studim,  186a 

^  Moleschott's  Untenuchungen,  x.  (1870)  423. 
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>t  ao  strong  as  to  lead  to.  an  escape  of  the  current  to  the  main  chorda 
t>re8.  In  small  dogs  Schiff  could  not  so  readily  demonstrate  these  recur- 
tnt  fibres,  and  though  he  says  the  apparent  reflex  secretion  is  more  easily 
itained  in  large  dogs,  such  as  Bernard  probably  used,  than  in  smaller 
neSy  it  is  improbable  that  mere  size  should  make  such  a  difference  in 
ervous  distribution;  and  if  an  escape  of  current  can  explain  the  results 
1  the  one  case  it  can  also  probably  in  the  other. 

Bidder's  *  account  of  the  nerves  of  the  ganglion  at  first  sight  offers  support 
o  Bernard's  views.  In  the  dog  he  finds,  passing  from  the  ganglion  direct  to 
he  tongue,  nerves  containing  medullated  fibres  which  do  not  degenerate  when 
he  chorda  is  divided.  These  fibres  accordingly  would  seem  to  take  their 
m^  in  the  ganglion  and  to  be  the  afferent  nerves  required  for  Bernard's 
riewa  When -Bidder  divided  the  conjoined  lingual  and  chorda,  he  found  the 
^orda  fibres  after  about  three  weeks  completely  degenerated,  not  only  those 
brming  the  nerve  going  to  the  gland  but  also  those  constituting  the 
iraQches  going  to  the  ganglion: — Le.  the  chorda  roots  of  the  ganglion* 
[n  the  ganglion  and  in  the  branches  going  from  the  ganglion  to  the  gland 
irere  seen  numerous  degenerated  fibres  in  the  midst  of  undegenerated  (but 
lon-medullated)  fibres  which  seemed  to  have  their  origin  in  the  ganglion 
taelf.  Thus  after  complete  degeneration  of  the  true  chorda  fibres,  there 
till  remained  intact,  (1)  the  ganglion,  (2)  fibres  from  the  ganglion  to  the 
ongae,  and  (3)  fibres  from  the  ganglion  to  the  gland,  in  fact,  exactly  the 
leryoos  mechanism  demanded  by  Bernard's  view.  But  Bidder,  like  Eck- 
>^^  failed  to  obtain  a  reflex  secretion  by  pouring  ether  on  the  tongue  after 
^[Vision  of  the  conjoined  lingual  and  chorda,  and  he  found  that  galvanic 
^^ulation  of  the  nerves  going  from  the  ganglion  to  the  tongue  was  of  no 
,^^t,  provided  that  errors  due  to  escape  of  current  on  to  the  main  chorda 
^J*«^  were  avoided  by  previously  inducing  through  section  degeneration  of 
^Q  chorda  fibres  including  the  chorda  roots  of  the  ganglion.  Since  this 
^IS^neration  of  the  chorda  fibres  was  unaccompanied  by  any  degeneration 
^^  the  ganglion  itself  or  of  the  fibres  passing  firom  the  tongue  to  the  gan« 
^^OQ,  and  most  of  the  fibres  passing  from  the  ganglion  to  the  gland  still 
^'^umed  intact,  Bernard's  explanation  of  his  inability  to  get  reflex  secretion 
^^  more  than  a  few  days  after  section  of  the  united  lingual  and  chorda, 
^<>endered  insufficient;  indeed  the  absence  of  all  effect  after  degeneration 

^e  chorda  fibres  has  once  been  established  shews  that  the  ganglion  is 
^  the  essential  factor  in  his  experiments,  that  in  some  way  or  other  the 
tO]i(la  fibres  must  have  themselves  been  directly  stimulated. 

We  have  contrary  to  our  wont  given  this  controversy  in  detail  on 
^^unt  of  the  great  importance  of  the  subject.  The  submaxillary  ganglion 
^lie  only  case  in  which  it  has  been  with  any  success  attempted  to  demon- 
'^^te  by  experiment  the  reflex  action  of  a  sporadic  ganglion,  and  the  q\iestion 
^^ther  sporadic  ganglia  can  or  cannot  serve  as  centres  of  reflex  action  is 

^he  present  time  at  least  a  question  of  pressing  interest. 

Stimulation  of  the  glossopharyngeal  is  even  more  effectual  than 
'^t  of  the  lingual.  Probably  this  indeed  is  the  chief  afferent  nerve 
'  ordinary  secretion.  Stimulation  of  the  mucous  membrane  of  the 
otnach  (as  by  food  introduced  through  a  gastric  fistula)  or  of  the 
^^gus  also  produces  a  flow,  as  indeed  may  stimulation  of  the  sciatici 

1  Beiciurt  u.  Du  Boit-Reymond^t  Arehiv,  1867,  p.  I4 
F,  P.  14a 
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and  probably  of  many  other  afferent  nerves.  All  these  caaes  are  in^ 
stances  of  reflex  action,  the  cerebro-spinal  system  acting  as  a  centre. 
In  most  cases  the  centre  lies  in  the  medulla  oblongata^  and  secretion 
may  be  caused  by  direct  stimulation  of  this  orean ;  yrhere  ideas  or 
emotions  cause  a  flow,  the  stimulation  begins  higher  up  in  the  brun; 
and  in  cases  where  the  sense  of  taste,  as  distinguished  from  general 
sensation,  is  concerned  in  the  matter,  it  is  probable  that  the  afferent 
impulses  ascend  into  the  brain  higher  up  than  the  medulla^  hefore 
they  return  as  efferent  impulses.  In  all  these  cases  the  chorda 
tympani  is  the  sole  efferent  nerve.  Section  of  that  nerve,  either 
where  the  fibres  pass  from  the  lingual  nerve  and  the  submazillaiy 
ganglion  to  the  gland,  or  where  it  runs  in  the  same  sheath  as  the 
lingual,  or  in  any  part  of  its  course  from  the  main  facial  tnmk  to 
the  lingual,  puts  an  end  at  once  (with  the  disputed  exception  men- 
tioned above)  to  the  possibility  of  any  flow  being  excited  by  stimuli  ap* 
plied  to  the  mouth,  or  any  part  of  the  body  other  than  the  gland  itseJt 

This  statement  is  probably  too  absolute;  for  though  satisfactozy  en- 
dence  of  reflex  excitation  of  the  submaxillary  gland  by  means  of  the  sympa- 
thetic is  not  forthcoming,  it  seems  unlikely  that  the  secretory  as  duitin- 
guished  from  the  vaso-motor  activity  of  this  nerve  should  never  be  pot  to 
use  in  actual  life. 

In  life,  then,  the  flow  of  saliva  Is  brought  about  by  the  advent 
to  the  gland  along  the  chorda  tympani  of  efferent  impulses,  started 
chiefly  by  reflex  actions.  The  inquiry  thus  narrows  itself  to  the 
question:  In  what  manner  do  these  efferent  impulses  cause  the 
increase  of  flow? 

If  in  a  dog  a  tube  be  introduced  into  Wharton's  duct^  and  the 
chorda  be  divided,  the  flow,  if  any  be  going  on,  is  from  the  lack  of 
efferent  impulses  arrested.  On  passing  an  interrupted  current 
through  the  peripheral  portion  of  the  chorda,  a  copious  secretion 
at  once  takes  place,  and  the  saliva  begins  to  rise  rapidly  in  the 
tube;  a  very  short  time  after  the  application  of  the  current  the  flow 
reaches  a  maximum  which  is  maintained  for  some  time,  and  then,  if 
the  current  be  long  continued,  gradually  lessens.  If  the  current  be 
applied  for  a  short  time  only,  the  secretion  may  last  for  some  time 
after  the  ciu*rent  has  been  shut  off.  The  saliva  thus  obtained  is  bnt 
slightly  viscid,  and  contains  but  few  salivair  corpuscles  or  proto- 
plasmic lumps.  If  the  gland  itself  be  watched,  while  its  activity  is 
thus  roused,  it  will  be  seen  that  its  arteries  are  dilated,  and  iU 
capillaries  filled,  and  that  the  blood  flows  rapidly  through  the  veins 
in  a  full  stream  and  of  bright  arterial  hue,  frequently  with  pul- 
sating movements.  If  a  vein  be  opened,  this  large  increase  of  now, 
and  the  lessening  of  the  ordinary  deoxygenation  of  the  blood  conse- 
quent upon  the  rapid  stream,  will  be  still  more  evident-  It  is  dear 
that  excitation  of  the  chorda  acts  on  some  local  vaso-motor  centre 
in  the  gland,  and  largely  dilates  the  arteries;  it  acts  energetically 
as  a  dilator  nerve. 
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Thus  stimulation  of  the  chorda  brings  about  two  events:  a 
dilation  of  the  blood-vessels  of  the  gland,  and  a  flow  of  saliva. 
The  question  at  once  arises.  Is  not  the  latter  simply  the  result  of  the 
fiNrmer  ?  The  activity  of  the  epithelial  secreting  cell,  like  that  of 
any  other  form  of  protoplasm,  is  dependent  on  blood-supply.  When 
the  amall  arteries  of  the  gland  dilate,  the  capillaries  become  fuller, 
more  blood  passes  through  them  in  a  given  time,  a  larger  amount  of 
nutritive  material  passes  away  from  them  into  the  surrounding 
lymph-spaces,  and  so  into  the  epithelium  cells  (and  it  must  be 
remembered  that  though  by  the  dilation  the  pressure  in  the  ar- 
teries of  the  gland  is  diminished,  that  of  the  capillaries  and  veins 
b  increased),  the  result  of  which  must  be  to  quicken  the  processes 
going  on  in  the  cells,  and  to  stir  these  up  to  greater  activity.  This 
must  be  so;  but  it  does  not  necessarily  follow  that  the  activity 
thus  excited  should  take  on  the  form  of  secretion.  It  is  quite  pos« 
Bible  to  conceive  that  the  increased  blood-supply  should  lead  only 
to  the  accumulation  in  the  cell  of  the  constituents  of  the  saliva,: 
or  of  the  materials  for  their  construction,  and  not  to  a  discharge 
of  the  secretion.  A  man  works  better  for  being  fed,  but  feed- 
ing does  not  make  him  work  in  the  absence  of  any  stimulus. 
The  increased  blood-supply  therefore,  while  favourable  to  active 
secretion,  need  not  necessarily  bring  it  about.  Moreover,  the  fol- 
lowing facts  deserve  attention.  When  the  chorda  is  energetically 
stimulated,  the  pressure  acquired  by  the  saliva  in  the  duct  exceeds 
die  arterial  blood-pressure  for  the  time  being;  that  is  to  say,  the 
pressure  of  fluid  in  the  gland  outside  the  blood-vessels  is  greater 
than  that  of  the  blood  inside  the  blood-vessels.  This  mu^t,  what- 
ever be  the  exact  mode  of  transit  of  nutritive  material  through 
the  vascular  walls,  tend  to  check  that  transit  Again,  if  the  head 
3f  an  animal  be  rapidly  cut  off,  and  the  chorda  immediately  stimu- 
lated, a  flow  of  saliva  takes  place  far  too  copious  to  be  accounted 
Tor  by  the  emptying  of  the  salivary  channels  through  the  contraction 
>f  their  walls.  In  this  case  secretion  is  excited  in  the  absence  of 
blood-supply.  Lastly,  if  a  small  quantity  of  atropin  be  injected 
into  the  veins,  stimulation  of  the  chorda  produces  no  secretion 
>f  saliva  at   iJl,   though   the   dilation  of  the  blood-vessels   takes 

Slace  as  usual.  This  remarkable  fact  can  only  be  accounted  for 
y  supposing  that  the  chorda  contains  two  sets  of  fibres,  one 
lecreting  fibres,  acting  directly  on  the  epithelium  cells  only,  and  the 
)ther  vaso-motor  or  dilating  fibres,  acting  on  the  blood-vessels  only, 
ind  that  atropin,  while  it  has  no  effect  on  the  latter,  paralyses  the 
brmer  just  as  it  paralyses  the  inhibitory  fibres  of  the  vagus.  These 
acts,  and  especially  the  last,  clearly  prove  that  when  the  chorda  is 
stimulated,  there  pass  down  the  nerve,  in  addition  to  impulses 
iffecting  the  blood-supply,  impulses  affecting  directly  the  proto- 
>la8m  of  the  secreting  cells,  and  calling  it  into  action,  just  as  similar 
mpulses  call  into  action  the  contractility  of  the  protoplasm  of  a 
Quscular  fibre.    Indeed  the  two  things,  secreting  activity  and  con* 
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tracting  activity,  are  quite  paralleL  We  know  tbat  when  a  nnude 
contnicts,  its  blood-vessels  dilate;  and  just  as  by  atropin  the  secretiog 
action  of  the  gland  may  be  isolated  from  the  Tasoilar  dilation,  to 
bv  urari  muscular  contraction  may  be  removed,  and  leave  dilation 
of  the  blood-vessels  as  the  only  effect  of  stimulating  the  moscitlar 
nerve.  In  both  cases  the  greater  flow  of  blood  is  an  adjuvant  to, 
not  the  exciting  cause  o£^  the  activity  of  the  protoplasm. 

If  the  chorda  acts  thus  directly  on  the  secreting  oeU,  there  must  be 
a  physiological  and  probably  an  anatomical  connection  between  the  cell 
aud  the  Derve-fibre.  Although  Pfliiger's'  obaervations  as  to  the  actual  mode 
in  which  the  nerves  end  in  the  gland  have  not  been  generally  accepted, 
nerre-iibres  have  been  traced  to  the  exterior  (^  the  alveoli,  and  Kupffsr' 
has  shewn  that  in  the  salivary  glands  of  Blatta,  the  nerve-iibres  oerUinlj 
jiasB  into  the  protoplasm  and  ap^iarently  end  in  the  nuclei  of  the  cells. 

When  the  cervical  sympathetic  is  stimulated,  the  vascular  effects 
are  the  exact  contrary  of  those  seen  when  the  chorda  is  stimulated. 
The  small  arteries  are  contracted,  and  a  small  Quantity  of  dark 
venous  blood  escapes  by  the  vein.  Sometimes,  mdeed,  the  flov 
through  the  gland  is  almost  arrested.  The  sympathetic  therefore 
acts  as  a  constrictor  nerve,  and  in  this  sense  is  antagonistic  to  the 
chorda.  We  have  already  referred  to  the  probable  existence  of  a 
local  vaso-motor  centre  situated  in  the  gland  itself  in  which  indeed 
there  are  found  ganglionic  cells  in  abundance.  The  fact  that  section 
of  the  cervical  sympathetic  does  not  cause  complete  dilation  of  the 
vessels  of  the  gland — the  dilating  effects  of  stimulation  of  the  chorda 
being  fully  evident  after  previous  section  of  the  sympathetic— 
affotLls  additional  support  to  this  view.  We  may  accordingly  state 
that^  while  the  chorda  tympani  inhibits,  the  sympathetic  exalts,  the 
action  of  this  local  centre. 

The  antagonism  between  the  two,  as  far  as  the  blood  supply  is  oon- 
cemed.  is  very  imperfect,  the  symjiathetic  Wing  the  more  poweiful;  thus 
^stimulation  of  the  chorda  pnxluoes  very  little  effect  in  altering  the  reBolts 
of  a  couoomitant  ttronij  stimulation  of  the  sympathetic*. 

The  effects  on  the  flow  of  saliva  from  the  submaxillary  gland  of 
the  dog  brought  about  by  stimulation  of  the  sympathetic,  are  very 
peculiar.  A  slight  increase  of  flow  is  seen^  but  this  soon  passes  off 
and  what  saliva  is  secreted  is  remarkably  viscid,  of  higher  specific 
gravity,  and  richer  in  corpuscles  and  protoplasmic  lumps,  and  it  is 
said  to  be  more  active  ou  starch  than  the  chorda  saliva^  This  action 
of  the  sympathetic  is  not  afl:ectovl  by  atropin. 

Czermak'  was  the  £r«t  to  point  out  that  the  efiect  of  chorda  stim^^ 
lation  was  hindered  by  a  concomitant  stimulation  of  the  sympathetic;  an^ 

1  Strieker'*  HUtclyiry.  Sif>.L  Soc.  Trans.  Art.  Salirazr  GUnds  (br  Pfliigfr). 

*  I.U'iwi;;**  F'!:tt^rahtf.  p.  Uiv.  *  Fr*=v.  Ladwijs's  Arb<itemj  1876^  p.89- 

*  Eckii;ir'.l.  i:^itnh/e.  IL  il-^^K  p.  SI.  lii.  li^yt^},  p.  39. 

*  }yien.  SiUuHjtbtrichtey  2L1v.  \lSo7i,  p.  3. 
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Ktiline'  obseired  that  no  flow  at  all  took  place,  wlien  both  nerves  were 
simultaneously  stimulated    with    minimum    currents,  i.e.  with  currentcs 
which  applied  to  either  nerve  separately  were  just  sufficient  to  produce  an 
obvious  flow ;  each  nerve  in  fajci  seemed  to  be  the  antagonist  of  the  other. 
Most  observers  agree  that  when  both  chorda  and  sympathetic  are  stimu- 
lated at  the  same  time  with  strong  currents,  the  action  of  the  chorda, 
oontrsry  to  what  takes  place  as  far  as  the  blood-supply  is  concerned,  prevails 
as  far  as  secretion  is  concerned,  %,e.   the  flow  is  copious  and  watery. 
Heidenhain'  found   that  when  the  stimulation  of  the  sympathetic  was 
continued  (t.e.  repeated  stimulations  with  brief  intervals)  for  some  time 
the  secretion,  at  first  viscid,  eventually  became  watery  like  chorda  saliva, 
and  that  the  effect  of  a  prolonged  stimulation  of  the  choi*da  was  to  lessen  or 
annul  the  efiect  of  any  sympathetic  stimulation  immediately  following. 
He  also  remarked,  as  Ludwig  and  Becker'  had  already  observed  in  the  case 
of  chorda  stimulation,  that  after  prolonged  (intermittent)  stimulation  of 
either  nerve  the  percentage  of  solids  in  the  saliva  diminished,  the  deficit 
falling  much  more  on  the  organic  than  on  the  inorganic  constituents.     These 
various  facts  not  only  afford  additional  evidence  that  the  secretory  activity 
of  the  salivary  nerves  is  something  distinct  from  their  vaso-motor  activity, 
but  also  go  far  to  prove  that  the  sympathetic  as  well  as  the  chorda  acts 
directly  on  the  nerve-cells,  and  that  its  effects  cannot  be  explained  by 
reference  to  any  indirect  action.     But  they  do  not  leave  the  matter  in  a 
aatisfactory  condition.     Heidenhain  distinguishes  two  processes  in  the  act 
of  secretion  of  saliva :  a  formation  or  rather  a  discharge  of  mucus  {Le,  the 
conversion  of  the  mucus  of  the  mucous  cells  into  a  more  soluble  form)  and 
a  secretion  of  fluid ;  and  he  believes  that  these  two  processes  are  governed 
by  separate  fibres,  both  kinds  of  fibres  being  present  in  both  chorda  and 
sympathetic,  but  the  *' mucus-forming"  fibi*es  predominant  in  the  sympa- 
thetic and  the  "fluid-secreting''  fibres  in  the  chorda.     To  reconcile  his  view 
with  facts  ho  is  further  obliged  to  suppose,  in  analogy  with   the  corre- 
sponding views  concerning  vaso-dilator  and  vaso-constrictor  fibres,  that  the 
mucus-forming  fibres  are  more  readily  exhausted  than  the  other  kind.     It 
is  worthy  of  notice  that  though  in  the  dog  sympathetic  saliva  is  undoubt- 
edly more  viscid  than  chorda  saliva,  in  the  cat  the  very  opposite  holds 
good*;  and  that  in  the  cat  atropin,  unlike  the  case  of  the  dog,  ]>revents  the 
sympathetic  secretion.     In  the  rabbit,  the  chorda  saliva  of  which,  unlike 
that  of  the  dog,  is  entirely  free  from  mucus,  the  sympathetic  saliva,  though 
scanty,  is  also  free  from  mucus. 

Bernard*  observed  that  after  section  of  all  the  nerves  going  to  the 
gland,  a  continuous  and  fairly  copious  secretion  of  a  watery  saliva  soon  set 
in  and  continued  for  some  time.  Heidenhain'  observed  the  same  thing, 
the  continuous  flow  beginning  from  four  to  twenty-four  hours  after  section 
of  the  nerves,  soon  reaching  a  maximum  and  after  some  weeks  decreasing 
ijain  as  regeneration  of  the  nerves  took  place.  During  this  *  paralytic 
'ocretion,'  as  it  is  called,  the  gland  diminishes  in  size,  and  in  some  cases 
^here  the  nerves  are  not  restored  appears  to  undergo  degeneration.     A 

»  Lehrb.  p.  5  (1866).  •  Bretlau,  Studien,  vr.  (1868). 

•  Zt,  /.  Rat,  Med,  i.  278. 

•  Lanigley,  J.  N.,  from  an  unpublished  reRoaroh. 

•  Bobin*8  Journal  de  VAtuU,  etdela  Phyiiolog.  L  (1864),  p.  511. 


2U  MECEJLyiSJf  OF  SECEETIOX.  [Bookie 

paralytic  secretion  also  appears  if  the  diorda  anlr  be  fitided;  and  uruipoS-^ 
tjoning*  produces  a  similar  fiov.  The  paralTtic  secredcm  is  wateij  hatem'^ 
tains  both  mucin  and  saliTary  corpuade&  The  mechanism  of  its  pirodaetioDV' 
is  obecure«  but  Heidenhain  oheerved  a  nmilar  continiKMis  secvetion  toradfl^ 
when  the  duct  <ii  the  gland  was  kept  Matured  for  Iwmity-fimr  homs  sdA- 
then  opened.  Heidenhain  also  oKserred  that  when  the  nenres  of  the  gbnA- 
on  one  side  weie  cat,  a  paralrtic  secretion  appeared  in  the  i^aad  df  tke^* 
ucher  side  also. 

The  natural  reflex  act  of  secretioo  may  be  inhibited,  like  the  reflec: 
action  of  the  vas«>-motor  nerves,  at  its  cerebral  centre.    Thus  when, 
as  in  the  old  rice  onieal,  fear  parches  the  mouth,  it  is  probable  that 
the  af  erenr  impolses  passin;^  from  the  month  cease,  through  einoti<»aL 
inhibition  of  their  redex  centre,  to  give  rise  to  efferent  impulses. 

The  history  g(  the  submaxillary  gland  then  teaches  us  that  secre* 
tion  in  this  instance  is  a  redex  action,  the  efferent  impulses  tT' 
which  directly  affect  the  secreting  cells,  and  that  the  vascular  phe- 
nomena mav  assist,  but  are  not  the  direct  cause  of  the  flow.  We 
have  dwelt  lono^  on  this  £:!and  because  it  has  been  more  fruitiiillr 
Studied  than  any  other.  The  nervous  mechanisms  of  the  other 
secretions  may  be  pasisevi  over  much  more  rapidly. 

In  the  purotid  gland  a  dow  is  caused  by  stimulation  of  the  an- 
ricoIo-tempL^ral  branch  of  the  fifth  nerve. 

The  active  fibres  in  this  nerve  probably  spring  from  the  fiMial,  pHrinfT 
thnxizh  the  lesser  superlioial  petrvigiil  nerre  and  the  ode  ganglion.    Sdnni* 
Lition  of  the  sympachecio  also  cioses  a  slight  flow,  bat  the  saliva  in  this 
cise  is  HOC  vf<cid.     Eckluird'  £iiled.  in  the  parotid  of  the  sheep^  to  get  tnj 

e Jtct,  whatever  nerve  he  stimoLited. 

The  presence  of  fo<xi  in  the  stomach  causes  a  cofHous  flow  of 
gastric  juioe.  The  quantity  sevTv:ed  in  man  in  the  twenty-four 
Lo'irs  has  b«een  oaloalatei  at  *p>m  13  to  1-1  litres.     When  the  gastric 

inuooits  membrane  is  stimulated  mechanically,  as  with  a  feather, 
S'.vretioQ  is  exoi^ed:  but  to  a  verv  small  amount.  A  dQute  alkali 
s^eems  ti?  b»?  the  ni?st  ener^tio  local  stimulus:  thus  the  swallowing 
«.  t  saliva  at  on-.^e  provokes  a  t?ow  of  gastric  juice.  During  fasting  the 
Cistrio  ai-erubrane  is  of  a  pale  grey  colour;  during  digestion  it  be- 
omes  re-i  aai  dishe^i.  and  to  a  certain  extent  tumid.  The  secretion 
ct  gastric  jui-re  th^eretore  seems  to  be  avrcompanied  by  vascular  dila- 
tion in  the  same  w-^y  as  is  the  secretion  of  saJivaL 

Seeing  that,  unlike  the  case  of  the  saliva,  food  is  brought  into 
the  inioieiliate  ne:gtLbi:urh-»l  of  the  secreting  cells^  it  is  exceedingly 
probiibLe  that  a  izr*?:!*:  'ieal  of  the  secoitica  Ls  the  result  of  the  working 
*jt  a  Lxal  luechanism.  Nevertheless,  since  the  fiow  of  gastric  jnice 
mav  be  exoi:ei  '.t  arresre^i  bv  events  in  distant  parts*  as  bv  emotions 
the  gn.str:c  cuein crane  ri;i>:  be  in  s*?iiie  way  or  other  brvHight  into 
rebtion  with  the  central  ii-:rvoas  system:  and  probably  future  in- 
4-iLricS  will  dL<cI-:-se  a  m-c<hanism  as  complete  as  that  of  the  sub- 
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dllaiy  gland.  At  present,  however,  the  mattef  ii  very  imperfectly 
ki^ovn. 

3tatherford'  found  that  the  gastric  membrane,  flushed  during  digestion, 
l>eosuiie  pale  when  the  vagi  were  cut.     Stimulatiou  of  the  central  end  of 
eitlker  vagus  caused  a  reddening  of  the  gastric  membrane,  but  stimulation 
of   tJie  peripheral  end  produced  no  constant  effect.     From  these  results 
"we    may  infer  that  afferent  impulses  pass  up  the  vagus  and  by  inhibit^ 
ing    in  the  medulla  the  vaso-motor  centre  governing  the  gastric  blood- 
vessels, cause  a  dilation  of  the  latter.     The  efferent  impulses  evidently  do 
no^  descend  by  the  vagus;  probably  therefore  their  path  is  along  the  sym- 
jMithetic.     After  division  of  both  vagi,  gastric  juice  of  normal  acidity  and 
peptic  power  continues  to  be  secreted.     The  same  occurs  after  division  of 
botli  splanchnic  nerves,  and  even  after  extirpation  of  the  coeliac  ganglion. 

"When  the  acid  contents  of  the  stomach  are  poured  over  the 
orifice  of  the  biliary  duct,  a  gush  of  bile  takes  placa  Indeed,  stimu- 
lation of  this  region  of  the  duodenum  with  a  dilute  acid  at  once  calls 
forth  a  flow,  whereas  alkaline  fluids  so  applied  have  little  or  no  effect. 
This,  probably,  is  a  reflex  action  leading  to  the  contraction  of  the 
muscular  walls  of  the  gall-bladder  and  ducts,  accompanied  by  a 
i^laxation  of  the  sphincter  of  the  orifice ;  it  refers  therefore  to  the 
discbaige  rather  than  to  the  secretion  of  bile. 

When  the  secretion  of  the  bile  is  studied  by  means  of  a  biliary 
fistula  (which,  however,  probably  induces  errors  by  the  total  with- 
drawal from  the  body  of  the  bUe  which  should  naturally  flow  into 
^e  intestine),  it  is  seen  to  rise  rapidly  after  meals,  reaching  its 
''^BJcimum  in  from  four  to  ten  hours.  There  seems  to  be  an  im- 
modiate,  sudden  rise  when  food  is  taken,  then  a  fall,  followed 
fiibaequently  by  a  more  gradual  rise  up  to  the  maximum,  and  ending 
^^  a  final  fall  It  is  exceedingly  probable  that  these  variations  are 
«uo  to  the  action  of  the  nervous  system,  but  the  exact  nature  of  the 
'^^rvous  mechanism  is  unknown. 

^  Stimulation  of  the  splanchnics  causes  an  increase  in  the  flow  from  a 
DiJuity  fistula,  but  this  is  probably  due  to  contraction  of  the  bile-ducts. 

Rutherford'  finds  that  the  injectiou  of  various  substances,  ipecacuanha, 
I^^ophyllin,  &c.,  into  the  duodenum  causes  an  increase  in  the  actual  secre- 
^^^9  but  the  manner  of  the  increase  is  not  yet  explained. 

Unlike  the  case  of  saliva,  the  pressure  under  which  the  bile  is 

^^^^t^ted  never  exceeds  that  of  the  blood,  and  is  in  general  very  low. 

^hen  a  water  manometer  is  connected  with  the  gall-bladder  of  a 

8}iinea-pig,  the  ductus  choledochus  being  ligatured,  the  fluid  may 

'^^^  in  the  manometer  to  about  200  mm.  (equivalent  to  about  16 

^tn.  mercury),  but  not  much  beyond.     If  water  be  poured  into  the 

^pen  end  of  the  manometer  so  as  to  raise  the  pressure  much  abovo 

^%  mm.,  resorption  into  the  circulation  takes  place,  and  the  fluid  in 

^s  manometer  sinks  to,  or  even  below,  the  normal  level'.     The 

*  PJW.  Traju,  Edin.  xxn.^STO).  •  Joum.  AnaU  Phy;  x.  xi.  (1876,  77). 

s  FriedlSxider  a.  Barisch  (Hqidenhain)  Da  Bois-Beymond^s  Arehiv,  1860,  p.  646. 
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quantity  secreted   in  man   in   the   24  hours   haa   been  i 
.  roughly  at  about  10  kilos,  but  the  calculations  are  based  on  nr^r- 
imperfect  data. 

The  relation  of  the  nervous  system  to  the  secretion  of  the  pan. — 
creatic  jliice  has  been  studied  rather  more  fully.  N.  0.  Benutein  " 
finds  that  in  the  dog  the  secretion,  after  food  has  been  taken,  follows 
the  curve  given  in  Fig.  37.    There  is  a  sudden  maximum  lise  im- 
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'  Foott  ott  ram  Sbwiik*  w' 

Pahcbeuiq  Jaiot.    (N.  O.  BetueWin.) 

The  abseiue  repraseat  honra  after  taking  food;  tbe  ordinates  iBpiwant  in  *-^ 
the  amoont  ol  Becretion  in  10  min.  A  marked  jiae  is  seen  at  B  iminediataly  altn  IwA 
vaG  taken,  with  a  secondary  rise  between  the  4th  and  Sth  honra  afterrraidi.  Wbv^ 
tbe  line  is  dotted  tbe  ebBervatioii  was  inteirtipted.  On  food  being  again  gma  tt  C. 
another  tiae  is  Been,  followed  in  turn  by  a  depisBBion  and  a  secondaiy  rise  at  thi  4A* 
hoar.    A.  very  aimilar  anrra  wonld  represent  Uie  secretion  of  bUe, 

mediately  after  food  has  been  taken.  This  must  be  due  to  nerroa^ 
action.  Then  follows  a  fall,  after  which  there  is,  as  in  bile,  a  second- 
ary rise,  the  causation  of  which  may,  or  may  not,  be  nervous  »* 
nature.  The  quantity  secreted  in  24  hours  by  man  has  been  cdca-' 
lated  at  300  c.  c.  Like  tbe  salivary  glands,  the  pancreas  ifhil^ 
secreting  is  flushed,  through  dilation  of  its  blood-vessek. 

According  to  N.  O.  Bernstein,  the  aectetion  is  at  once  stopped  by  d»i^ 
or  vomiting.     Section  of  the  vagua  stops  the  secretion  for  a  short  time;  i" 
soon  however  recommences.     Stimulation  of  the  oentral  v*gns  cauM  f 
arrest  lasting  for  some  time  after  tbe  stimulus  baa  been  removed.    K  i*      . 
probable  therefore  that  the  arrest  of  secretion  during  vomitiiig  is  due  f     1 

>  Lndwig'a  Arhtitm,  1869.  I 
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it  impulses  ascending  the  vagus  and  descending  by  some  other 
eL  If  all  the  nerves  going  to  the  pancreas  around  the  pancreatic 
be  severed  as  completely  as  possible,  a  continuous  paralytic  flow, 
icreased  but  rather  diminished  by  food,  and  very  slightly  if  at  all 
red  by  nausea  or  stimulation  of  vagus,  is  brought  on.  Heidenhain^ 
that  stimulation  of  the  medulla  oblongata  causes  an  increased  flow. 

Tiih  regard  to  the  8UCC118  entericos  our  information  is  very 
3d.  Thiry'  found  that  in  the  isolated  intestine  the  secretion 
lot  a  constant  one,  but  needed  for  its  production  some  stimulus 
lanical  or  other)  which  probably  acted  in  a  reflex  manner. 

oreau'  found  that  after  section  of  the  nerves  going  to  a  piece  of 
ine  isolated  after  Thiry's  method,  a  copious  flow  of  a  dilute  intestinal 
lakes  place.  This  is  altogether  coinparable  to  the  paralytic  flow  of 
and  pancreatic  juice. 

bus,  while  the  influence  of  the  nervous  system  is  in  the  case 
3  submaxillary  gland  tolerably  clear,  in  the  case  of  the  other 
ions  we  have  much  yet  to  learn,  and  must  rest  rather  on 
oalogy  with  the  submaxillary  gland,  than  on  any  known  facts, 
annot,  however,  go  far  wrong,  if  we  conclude  that  in  all  cases 
ion  is  essentially  due  to  an  increase  in  the  activity  of  the 
ilium  cells,  and  that  variations  in  the  blood-supply  have  a 
lary  effect  only. 

must  however  be  borne  in  mind  that  substances  brought  to  the 
ng  cell  by  the  blood  may  possibly  act  as  chemical  stimuli  of  its 
•liism,  just  as  certain  chemical  substances  may  stimulate  a  muscular 
3  conti-action  in  the  absence  of  all  nerves.  Thus  any  substance,  such 
berapeutic  drug,  may  aflect  any  given  secretion,  in  various  ways, 
)  by  dilating  the  blood-vessels  and  increasing  the  blood-supply,  (2)  by 
as  a  direct  chemical  stimulus  on  the  protoplasm,  (3)  by  exciting  se- 
I  in  the  cell  through  reflex  action  of  the  nervous  mechanism  belong- 
the  cell,  (4)  by  acting  directly  on  the  nervous  centre  of  that  mechan- 
We  shall  i*etum  to  these  questions  when  we  come  to  speak  of  the 
on  of  urine. 

e  are  now  in  a  position  to  attack  the  second  problem.  What  is 
act  nature  of  the  activity  which  is  thus  called  forth  ? 
e  learn  from  the  researches  of  Heidenhain*  that  each 
ing  cell  of  a  pancreas  of  an  animal  (dog)  which  has  been 
I  for  30  hours  or  more  consists  of  two  zones :  an  inner  zone, 
to  the  lumen  of  the  alveolus,  which  is  studded  with  fine 
les,  and  a  smaller  outer  zone,  which  is  homogeneous  or  marked 
delicate  strisB.  Carmine  stains  the  outer  zone  easily,  the 
zone  with  diflSculty.  The  nucleus,  more  or  less  irregular 
ape,  is  placed  partly  in  the  one  and  partly  in  the  other 
When  however  the  pancreas  of  an  animal  in  full  digestion 
\  six  hours  after  food  and  onwards)  is  examined,  the  outer 

PflUger'i  Arehiv,  x.  (1876)  667.  «  Wien.  Sitzungtbencht.  L.  p.  77. 

CentrbU  Med.  Win.,  1868,  p.  209.  «  Op.  eiU 
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s:i.-r  lejLz  ?:«rrTr5Ti'ij£;iirLif  liSurri'-wer  lzi5  ii.  si-id*- cases  mci^ullT  du- 
'^Z'Z»'.:i^,'Lz  T:.v  "wbilr  C'rll  i?  sTiiLlier,  fczii  c-ring  lo  lie  reJadvelT 
li-r^rr  s-.r  :f  iir  C'-Trr  r:'ijr..  fryiiiii  vr-Il    Ttj*  i;TjdSeT25  is  sphennl 

t::-i«  "ir  .ci-rT  xi'ijr  2*  i^ilz.  fjciii  "I.:   :»r  liSTTi'V,  iLf  CTMiTiiar  inner 

«r.iLi:f  -91' L  i.riiTTilrr:   LZii   iLt  *wl...jf  :?rZl    has  c*Dr*  more  beome 

•:.^ii-i:::j.c  ;•: -^t  :i.i:rr  ii-i^r  ;  zz.i'.  :?  ";  st^.  iziz-  izJL-zC  r>irf-  farnishes 

'I-   :*z'-T  r.cr  If  ir::ri:ij-i2:r.  tli:  i?  t:  slt  -ili  ini^eir  zr-ij*  is  l-eing 

!_■  ■:  ::  >z,-_  '^.  rr^ri:  i^  •:  zcrT-z'L-  ti-t  "r-l-iCt  <^11  fr-Mii  l-sojimnj 
?c:*Ll.rr.  'R"!^-::.  Lj-isu-.-i.  2?  ri-fei  tn-er  iL't  TJir^rrr-is  has  ceased 
-.:  >-.*:'"-t:-:   i:-.  i-z^^tT  re-,  ltlii.  f:i-;Lr;r-'?.  i'f^ifC'lji:  iLe  expense  of 

"ilt  vl.."-  :•/_  ::  ■>..:-;':i.^  -s?-  — '*•—  "li^zi^f  tLZ  tL*  next  med, 
'.i^-.n  .*:'?z.T>  L  ZiLy.^il  :'.'Z.>iz.z':.:c  :c  li-f  izjirr-r  r:cie^  so  ihit  the 
.■i:-::  r.or  ":»:^?  •:!.■-<  n-  -rf  :-:i:f"j.*:  ••1:5  LTiiz.  •Li-r:^  iLe  wkcJe  cell 
">.'.■- ■i_-.*T>  f"^:...T:.  Z~ifCL:-j  tit  .'iTf-r  i?:ci:«rri.T'-C>  r:oe  ss  formed 
l:  -!: :  zr.  •.::.>-  .:  :'>:  ": .  •.•!  ".':  -  _:.!.-?  rrjJLi.",ir  r:c-T  ii  ibr  expensed 
"iif  .1:^:  :.'.':    ii'"^  :!=  s-.'jr^cj . •!  1:  :1't  frttrCiSr  *•:  "i:  izi^-er sc^ne. 

X:.:.--.  i-i :.  L-i*  /TSrr^Ji^  -Li-iii:  "Li-r  iij.T-:s-rT«e.  iLe  paacretf 
:c  *:  :  _.  v.;^  -Vil*  Ll-t  "re:-!  l:».z  z:  ■vt?:!  -ri-r  ^rr^  prc<es  of 
s-.'.T^:  .-V  :.-'■  ■ : -.  :  r-.s-'ri.  v:  ..-i  "i-*^;^  -  rrrii  :i  'i.-r  '^•a^ti  cono- 
"ill-^Tt  ::  .-s:  .■•  r.:  .:i:.^i..  I:L-:f  ::  -s:*fz:':  T.i::«rrfis  c^' the  rabbit, 
:■.:  .--.>  ;.--T  f.r  "::  T.-  s"  "ilt:  f.  -'i  ^.'j-  iriirilf*.  ilr  •r&Esparent 
...:::  i.r.-;  :»:.  .^  -:■...■.':•_  :.  ?c...'-..  ;  t.-T-i.-r^  Ci?  "rl'f  rctliiies  of  the 
__•:••:-.:_  .M  >  1.-^.  ':■••/  -..^c  >"■.:•.':  t-^  -.2-:  ZLLr-iz^  :c  liie  ^tcoIl 
>.-■•.::      i- •-.  ". .  -   ": '■. •.•!-<: y r.  1  -  .s  -s^.-u: "7      V z%. c  iit^:rrd:-n  l»ing  set 

".  ".     ".  :  .     ...■■,;■->■■■'-:    >-~       :     J*':-:.     >'.'*.  ■T.'t    Jl' !  ;=l*=*i  "I  IjTvlA  ^  bulg- 

,ij:  .-:.  •■■-.  .M. -.  -..:.•.:  .-.  ..s  : : :  .-.*_  :'::s  c  Ti..:ti  r-r'^  beoiine  dis- 
".  .■.'  '.  ■:  ^"v  -  :•*  '^"."^m:  :.  v-i.-:<i.  ::•:  ji.i'vr  r.c-t.  "•.■'riTriiu  on  the 
,v.  :•  ..  ■ .-,  i.  :•..'.>.  ;::•-  li?  ?*r«:r:".  ■:  c >'^  -'-.  •:".'liz,'..j  Timiniahiii 
-....;«;-  *. .':  \  ■■  .»:  .  >.'.*.  c.:^  --.ii':  ir.l  mz.^tiz^z.z  fzsjjniho 
.•.'.,"  :».-...•  .  \  •-. .  >  V.  -.  -:.-  :!■.••>■:<$*:  _s  1..:.t=  !ari7f".T.  and  th© 
3s'.:»:ii..-   .1    .1  •.«  .      '■.-  ^     '.  :■.    -:  .'  .  ;.•■■;<  >',-.«■:. -T-t  r: iz.i  npii. 

^«  ;  :•  .  ■  .  '  v.». :.  V.  iV-  -  .\*T  1  r-Tr-":  . ':  Tiii:  is  adiTdy 
\i:-..'.'.i»  ■.  -'  .-.•  >  '.v.-  ■.••-..•••  :'.--^*'  -J-.-  i^.zi.il.  n*?t  c*  killed 
,. ..    -^     .         ^."^    ..-.      *.'':><■-•:.:.:■:•  .:■  v  ^:«:  1  r^>  n'.«i:£."&rion. 

V     >.    .*.•...-.. \  ■->  :i  .i^i  .%::    '..•-..    .  ^i     :   :l     :'^:>?d.-:c-   t^  trwted, 

»-■'■•.  X-  ■    '. ■    •■■    ■■  *,■  '«  V'v    '•- ••  '.  >•'.!   ^■*  ■-'tT' ;•:    "-'r    ~-"^->rriiie  extrtrt 

>    -',:■:  .c  i-:-^' ;    "<■    '-^   \v;^-.~'->' ". r-    .  •     :•  •   »:>.     L:   i-.TTTTrr.  the  same 

^ua.^i';*!-*  X  i.vc   '.1  i^  :■. u.->  xi'. r^  -.-.J.:,  i;^  -v  -.i  c'-7->=riLe.  the glj* 
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oerine  extract  readily  digests  fibrin  and  other  proteids  in  the  presence 
of  an  alkalL  If  the  pancreas,  while  still  warm,  be  rubbed  up  in  a 
mortar  for  a  few  minutes  with  dilute  acetic  acid,  and  then  treated  with 
g^yoerine,  the  glycerine  extract  is  strongly  proteolytic  If  the  glyce- 
rine extract  obtained  without  acid  from  the  warm  pancreas,  and 
tberefore  inert>  be  diluted  largely  with  water,  and  kept  at  35^  C. 
for  some  time,  it  becomes  active.  If  treated  with  acidulated  in- 
itead  of  distilled  water,  its  activity,  as  judged  of  by  its  action  on 
fibrin  in  the  presence  of  sodium  carbonate,  is  much  sooner  developed. 
If  the  inert  glycerine  extract  of  warm  pancreas  be  precipitated  with 
alcohol  in  excess,  the  precipitate,  inert  as  a  proteolytic  ferment  when 
fresh,  becomes  active  when  exposed  for  some  time  in  an  aqueous 
Mdation,  rapidly  so  when  treated  with  acidulated  water.  These  facts 
ihew  that  a  pancreas  taken  fresh  from  the  body,  even  during  full 
digestion,  contaim  hxnJt  little  ready-made  ferment,  though  there  is 
present  in  it  a  body  which,  by  some  kind  of  decomposition,  gives 
wrft  to  the  fetiTient  They  further  shew  that  though  the  presence  of 
n  alkali  is  essential  to  proteolytic  action  of  the  actual  ferment,  the 
fiinnation  of  the  ferment  out  of  the  body  in  question  is  favoured  by 
the  presence  of  an  acid.  To  this  body,  this  mother  of  the  ferment, 
Heidenhain  has  given  the  name  of  Zi/mogen\  It  has  not  at  pre- 
Mt  been  satisfactorily  isolated. 

Hence,  in  judging  of  the  functional  activity  of  the  pancreas 
^er  various  circumstances,  we  must  look  to  not  the  ready-made 
ferment^  but  the  ferment-giving  zymogen.  And  Heidenhain  has 
i>ude  the  important  observation  that  the  amount  of  zymogen  in  a 
pwcreas  at  any  given  time  rises  and  sinks  pari  passu  with  the 
granular  inner  zone.  The  wider  the  inner  zone,  the  larger  the 
wnount  of  zymogen ;  the  narrower  the  zone,  the  smaller  the  amount ; 
^i  in  the  cases  of  so-called  paralytic  secretions  from  old-established 
™ilaB,  where  the  juice  is  wholly  inert  over  proteids,  the  inner 
pMiular  zone  is  absent  from  the  cells.  Evidently  so  far  from  the 
proteolytic  ferment  being  simply  drained  off  from  the  blood,  in  the 
first  place  the  actual  ferment  is  formed  in  the  pancreas  out  of  the 
^oj[en,  and  in  the  second  place  the  zymogen  of  the  inner  granular 
^^  w  formed  in  the  cell  itself  out  of  the  homogeneous  outer  zone. 
We  have  in  fact  two  distinct  processes  to  deal  with :  (1)  the  manu- 
»cture  of  zymogen ;  this  is  part  of  the  growth  or  nutrition  of  the 
^"»  and  is  slow  and  continued ;  (2)  the  splitting  up  or  conversion  of 
^^  zymogen  into  the  proteolytic  ferment ;  this  is  the  real  act  of 
*^ting,  and  is  intermittent  and  rapid ;  this  is  the  form  of  activity 
^hich  can  be  called  forth  by  nervous  impulses,  the  form  of  activity 
^hich  is  comparable  to  a  muscular  contraction. 

The  thought  at  once  suggests  itself  that  the  appearance  of  an  acid  in 
^  protoplasm  of  the  cell  under  circumstances  similar  to  thoRO  which  give 

l«      Or  sjmogen  may  be  reserved  as  a  generic  name  for  *  mother  of  ferment;'  in 
^t  esse  the  partioolar  mother  of  the  pancreatic  proteolytic  ferment  might  be  called 
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rise  to  the  acid  formed  during  muscular  contraction,  might  be  the  in 
diate  cause  of  the  zymogen  becoming  converted  into  ferment. 

In  the  case,  then,  of  the  proteol3rtic  ferment  of  the  pancreei 
have  striking  proof  that  the  process  of  secretion,  both  in  its  prqp 
tory  and  executive  stages,  is  a  laborious,  active,  manufacturiDgt 
tion  of  the  cell,  and  not  simply  a  passive,  selective,  filtering  ftmd 
How  far  this  is  also  true  of  the  other  ferments  of  the  pancreas^ 
of  the  active  constituents  of  the  other  digestive  juices,  cannot  at 
sent  be  authoritatively  affirmed,  but  we  have,  both  in  the  case  oi 
stomach  and  of  the  salivary  glands,  facts  pointing  very  distincti 
that  direction. 

In  the  gastric  glands  of  a  starving  animal,  the  central  (as  dii 
guished  from  the  ovoid  or  'peptic')  cells  are  pale,  and  finely  gran 
and  do  not  stain  readily  with  carmine  and  other  dyes.  During  ga 
digestion,  the  same  cells  are  found  crumpled,  darker,  and  i 
granular;  they  stain  much  more  readily.  This  is  true,  not  onl 
the  central  cells  of  the  so-called  peptic  glands,  but  also  of  the  eel 
which  the  so-called  mucous  glands  are  exclusively  built  up.  | 
ovoid  or  peptic  cells  themselves  during  digestion  appear  swoUeii, 
project  more  on  the  outside  of  the  gland,  but  otherwise  appear 
changed.)  Evidently,  during  digestion,  the  central  cells  bee 
loaded  with  a  granular,  more  deeply  staining  proteid  material,  w! 
probably  arises  from  a  transformation  of  the  protoplasm  of  the  cd 

In  the  mucous  glands  such  as  those  abundant  in  the  pylorus  there  ii 
in  the  Inmen  also  of  the  gland  a  granular  material,  which,  since  it  n 
its  a[)pearance  atler  the  mechanical  stimulation  of  the  membrane  d 
empty  stomach,  cannot,  when  it  occurs  during  digestion,  be  r^jtidc 
simply  digested  food  about  to  be  absorbed.  The  granular  chanob 
the  cells  themselves  therefore  must  also  come  from  within,  and  canxM 
due  to  material  absorbed  fi*om  the  cavity  of  the  stomach. 

It  will  be  observed  that  the  phenomena  of  the  gastric  cells  are  dififo 
from  those  of  the  pancreatic  cells.  In  the  case  of  the  pancreatic  cell 
the  part  of  the  cell  which  contains  the  granules  which  does  not  i 
readily;  and  the  granules  make  their  appearance  during  rest^  and  6mJ^ 
upon  stimulation.  In  the  case  of  gastric  central  cells,  it  is  when  the 
becomes  loaded  with  granules  that  it  stains  most  deeply,  and  it  beoo 
loaded  with  granules  not  during  rest  but  during  stimulation,  or  at  1 
when  the  stomach  is  digesting.  The  observations  of  Kiihne  and  Lea  t 
that  in  the  pancreas  the  granules  are  actually  used  up  to  form  thesecnl 
K  in  the  gastric  cell  the  granules  are  really  elements  of  the  secretiooi  \ 
must  during  active  digestion  be  formed  more  rapidly  than  they  are  i 
up,  and  must  cease  to  be  formed  as  the  work  of  digestion  languishes. 

We  have  a  certain  amount  of,  but  not  wholly  satisfactory,  evidenced 
existence  of  a  mother  of  pepsin,  or  pe{)sinogeu,  comparable  to  the  panofe 
zymogen.  There  has  been  a  gi^eat  dispute  as  to  whether  the  pyloric  enc 
the  stomach,  that  containing  the  so-called  mucous  glands  only,  has  pe 
powers.  The  reconciliation  of  contradictory  statements  may  perhu* 
foimd  in  the  fact^,  that  while  the  glycerine  extract  of  the  fi:eBh  pjki 

1  Ebstein  and  Grutzner,  Pfliiger's  Arehiv,  vm.  (1874),  p.  122. 
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ren  in  the  presence  of  free  hydrochloric  acid,  is  inert,  care  being  taken  to 
void  admixture  with  the  secretion  of  the  cardiac  end,  an  acid  infusion  of 
be  nme  part  rapidly  becomes  peptic  It  would  seem  as  if  here,  as  in  the 
an  of  zymogen,  an  acid  is  favourable  to  the  conversion  of  the  pepsinogen 
Kk>  pepsin.  Apparently  however,  pepsinogen  differs  from  zymogen  in 
mug  insoluble  in  glycerine,  while  the  latter  is,  as  we  have  seen,  freely 
ohible  in  that  fluid.     The  subject  requires  to  be  more  fully  worked  out. 

We  may  therefore  with  good  reason  suppose  that  pepsin  is 
brmed  by  the  direct  activity  of  the  gastric  cells ;  and  in  that  case 
lie  pepsin  which  is  present  in  bloody  in  muscle  and  in  urine',  is  not 
ihe  source  of  the  pepsin  in  the  gastric  juice,  but  is  already-used 
pepsin  reabsorbed  from  the  stomach  and  intestine,  and  on  its  way 
to  be  discharged  from  the  body.  The  formation  of  the  free  acid  of 
tbe  gastric  juice  is  very  obscure.  It  seems  natural  to  suppose  that 
^  snses  in  some  way  from  the  decomposition  of  sodium  chloride, 
bat  nothing  definite  can  at  present  be  stated  as  to  the  mechanism  of 
dut  decomposition,  or  as  to  what  are  the  mutual  relations  between 
ie  genesis  of  the  acid  and  that  of  the  pepsin. 

If  the  reaction  of  the  mucous  membrane  of  the  stomach  be  tested  at 
Bftrent  depths  from  the  surface,  as  in  the  long  tubular  glands  of  a  bird,  it 
*3t  be  seen  that  the  acidity  is  confined  to  the  upper  ]K)rtion,  indeed  to 
k  Bouths,  of  the  glands.  So  also  when  potassium  ferrocyanide  and  an 
Uiaelt  are  injected  into  the  veins,  a  blue  colour  is  developed  only  on  the 
ttfboe  of  the  mucous  membrane,  and  not  in  the  depths  of  the  gland, 
keving  tiiat  an  acidity  sufficient  to  allow  of  the  development  of  the  blue 
ipneent  only  at  the  sur£Eu;e.  These  facts  are  opposed  to  Heidenhain's 
mpeation,  that  while  the  central  cells  manufacture  pepsin,  the  large  ovoid 
peptic)  cells  (which  lie  chiefly  in  the  middle  of  the  gland)  are  given  up  to 
be  production  of  acid*. 

In  the  case  of  some  of  the  salivary  glands,  for  instance  the  sub- 
Wxillary  gland  of  the  dog,  the  simpler  events  leading  to  the  appear- 
•Jioe  of  the  ferment  are  obscured  by  processes  having  apparently  for 
Ito  object  the  production  of  mucus.  When  a  section  is  prepared  of 
•  Testing  submaxillary  gland  of  the  dog,  i,  e.  of  a  gland  which  for 
(Kne  time  has  not  been  actively  secreting,  the  cells  of  the  alveoli  are 
^Kind  not  to  stain  readily  with  carmine;  and  this  lack  of  staining  ap- 
^tts  to  be  due  to  the  fact  that  the  greater  part  of  the  protoplasm  of 
^  cells  has  become  converted  into  a  mucin-bearing  substance,  only 
small  portion  of  unchanged  protoplasm,  easily  staining  with  car- 
^e,  remaining  round  the  nucleus.  In  addition  to  these  '  mucipa- 
^Us  cells'  are  seen  a  number  of  smaller  half-moon-shaped  (demilune) 
^  the  protoplasm  of  which  stains  deeply  with  carmine.     These 

^  The  presence  of  pepsin  in  blood  ir  one  reason  why  boiled  fibrin  should  be  nsed  in 
[Ptie  •xperimenti  rather  than  raw.  The  boiling  deBtroys  the  pepsin  clinging  to  the 
"•ill. 

*  BrOcke,  MoleschotVs  Vntetmch,  ti.  479. 

'  Ct  however  Bwiecicki,  Pflttger*8  Archiv,  xin.  (1876)  p.  444.  Partsoh,  Archiv  /. 
fjffof.  Anal.  XIV.  (1877)  179. 
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half-moon  cells,  which  lie  outside  the  muciparous  cells,  between  fhem 
and  the  basement  membrane,  are  apparently  young  cells,  frequently 
possess  two  or  more  nuclei,  and  in  general  seem  to  be  in  a  state  of 
active  growth  and  multiplication. 

When  similar  sections  are  prepared  from  glands  which  have  been 
thrown  into  long  continued  activity  by  stimulation  of  the  chorda,  the 
muciparous  portion  of  the  alveolar  ceUs,  that  portion  which  does 
not  stain  rapidly,  is  found  to  have  diminished,  and  the  protoplasmic 
staining  portion  to  have  increased  in  quantity  in  proportion  to  the 
amount  of  stimulation.  In  some  cases  no  muciparous  cells  can 
anywhere  be  seen ;  all  the  cells  are  alike  composed  of  protoplasm, 
and  all  stain  deeply.  It  has  been  disputed  whether  a  muaparous  cell 
simply  discharges  its  mucin,  the  removal  of  the  mucin  being  followed 
by  a  growth  of  the  protoplasm  round  the  nucleus,  to  be  in  turn  fol- 
lowed by  a  new  development  of  mucin,  the  same  cell  thus  formiiu^ 
and  discharging  mucin  again  and  again ;  or  whether  the  whole  cell 
goes  to  pieces  at  the  time  it  discharges  the  mucus,  its  place  being 
taken  by  one  of  the  half-moon  cells,  which  grows  up  rapioly  for  that 
purpose.  In  all  probability  both  events  occur  at  least  after  prolonged 
stimulation,  the  simple  discharge  of  mucus  and  regeneration  of  the 
cell  being  analogous  to  what  takes  place  in  the  pancreas,  while  the 
substitution  of  the  young  half-moon  cell,  in  place  of  the  old  disinte- 
grated muciparous  cell,  being  something  special  to  the  submaxillaij 
gland. 

When  a  flow  of  saliva  is  brought  by  stimulation  of  the  sympathetie 
similar  changes  may  be  observed,  and  they  are  also  seen,  thou^  to  a  kn 
extent j  in  the  case  of  a  paralytic  secretion  \     In  the  submaxillary  ghud  of 
the  rabbit  no  such  muciparous  cells  are  to  be  seen,  and  no  obvious  difiiff- 
enccs  have  as  yet  been  discovered  between  the  cells  of  the  gland  at  rat 
and  those  of  the  gland  at  work.     If  changes  similar  to  those  seen  in  tb^ 
pancreas  do  take  place,  they  are  not  such  as  can  be  readily  seen  in  sectioo^ 
of  prepared  glands. 

The  submaxillary  gland  of  the  dog  may  be  taken  as  a  type  of  what  ha' 
been  called  'mucous  glands',  from  the  presence  of  muciparous  cells  in 
gland,  and  mucin  in  the  secretion.  The  submaxillary  gland  of  the  nbU  "A 
may  be  taken  as  a  type  of  what  have  been  called  'serous  glands,'  from  Ul^b 
absence  of  muciparous  cells  in  the  gland,  and  of  mucin  in  the  secietiocs— 
Some  glands,  such  as  the  submaxillary  of  man,  may  be  r^;arded  as  mixe«3 
glands',  t.e.  partly  mucous  and  partly  serous. 

What  relation  these  changes  bear  to  the  production  of  theamj^  — 
lolytic  ferment  is  unknown ;   it  must,  however,  be  remembered,  efcS 
we  stated  above  (p.  187),  that  the  amylolytic  ferment  is  in  marxy 
animals  absent,  and  in  all  a  subordinate  constituent  of  the  secretiora. 

Relying  on  the  analogy  of  the  pancreas,  we  may  fairly  assume 
that  the  secretion  of  even  such  a  complex  fluid  as  the  bile,  is  in  tbe 
main  the  result  of  the  direct  metabolic  activity  of  the  protoplasm  of 

^  Heidenhain,  o^,  cxU 

'  Cf.  Lavdowsky,  Archivf,  Microt,  Anatuu,  (1877),  381. 
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the  hepatic  oella.    And  this  view  is  supported  by  the  fact  that  after 

extirpation  of  the  liver,  no  accumulation  of  the  biliary  constituents 

18  observed  to  take  place  during  the  few  hours  of  life  remaining  to 

the  animal  after  the  operation.    Still  the  great  complexity  of  the 

secretion  introduces  several  very  important  considerations.     In  the 

first  place,  the  liver,  unlike  the  other  digestive  glands,  has  a  double 

supply  of  blood ;  and  vain  attempts  have  been  made  to  settle  by 

direct  experiment  the  question  wnether  the  hepatic  artery  or  the 

vena  portae  is  the  more  closely  concerned  in  the  production  of  bile. 

Ligature  of  the  hepatic  artery  has  sometimes  had  no  effect  on  the 

lecretion,  sometimes  has  interfered  with  it    Sudden  ligature  of  the 

vena  ports  at  once  stops  the  flow  of  bile ;  but  gradusJ  obliteration 

may  be  effected  without  either  causing  death  or  even  interferiug  with 

tlie  secretion,  anastomotic  branches  forming  a  collateral  circulation  and 

OkUB  maintaining  an  efficient  flow  of  blood  through  the  liver.    The 

piohlem,  which  is  probably  a  barren  one,  cannot  be  settled  in  this  way. 

In  the  second  place,  the  hepatic  cells  not  only  secrete  bile,  but  as 

^e  shall  see  later  on,  take  an  active  part  in  other  operations  of  even 

SVB&ter  importance.    The  consideration  of  the  question  in  what  way 

^eae  several  functions  of  the  hepatic  ceUs  are  related  to  each  other 

AiU3t  be  deferred  for  the  present 

Xn  the  third  place,  even  if  we  maintain  that  the  chief  constituents 

of  'the  bile  are  manufactured  in  the  hepatic  cells,  and  not  simply 

dre^i^ed  off  from  the  blood,  we  are  not  thereby  precluded  from  admit* 

^S  that  the  hepatic  cells  may  avail  themselves  of  certain  half-made 

iii^^t^erials,  the  arrival  of  which  in  the  blood  may  so  to  speak  lighten 

thoi  Y  labours,  or  that  they  may  even  boldly  seize  upon  and  pass  off  &s 

their  own  handiwork  any  wholly  manufactured  constituents  which  may 

be  offered  to  them.    Thus  we  have  already  seen  rcasous  for  thinking 

tha.-^  the  bile-pigments  are  not  made  de  novo  in  the  hepatic  cells, 

^^^    spring  from  haemoglobin,  the  change  in  the  liver  being  simple 

trar^^rmi^tion^     go  also  it  is  quite  possible,  though  not  proved,  that 

'P^oh  if  not  all  of  the  cholesterin  of  bile  is  merely  withdrawn  by  the 

^^^i*  from  the  body  at  large.    And  even  with  the  central  components 

pf  ^ile,  the  bile  salts,  we  know  in  the  case  of  taurocholic  acid,  taurin 

^  formally  present  in  certain  tissues,  and  that  in  the  case  of  glyco- 

chollo  acid,  glycin,  if  not  a  nonnal  constituent  of  any  tissue,  is 

P'^si^nt  in  the  liver,  since  the  liver  can  convert  benzoic  into  hippuric 

^^^ ,  as.  we  shall  see  in  a  succeeding  section ;  so  thiit  the  formation 

^  "^liese  bodies  by  the  hepatic  cells  may  be  limited  to  the  production 

^^  ^bolalic  acid  and  its  conjugation  with  one  or  other  of  the  at>ove 

J^'^ido-acids.   Moreover  as  a  matter  of  fact,  we  find  that  the  flow  of  bile 

u^^  a  bihary  fistula  is  much  increased  by  the  injection  of  bile  into 

^ud  amall  intestine^    This  experiment  renders  it  possible  that  some 

91  WxQ  bile  which  in  natural  digestion  is  poured  into  the  intestine  is 

'^l>9orbed9  and  carried  back  to  the  liver  to  do  duty  over  again. 

1  Sctdfl,  Pflilger's  Archiv^  m.  (1870),  898, 
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Possibly  however,  the  effect  may  be  explained  by  some  mora  indiiecsrfs 
action  of  the  bile  in  the  intestine. 

In  medical  practice,  distinction  is  drawn  between  jaundice  by  sai^pres^ 
sion  of  the  secreting  functions  of  the  liver  andjaundice  by  retention,  bnmgli.'fe 
about  by  an  obstruction  existing  in  some  part  of  the  biliary  passagea.  The 
gravity  of  the  symptoms  in  the  first  class  of  cases  shews  that  an  arrest  or  ^ 
too  great  diminution  of  the  normal  functions  of  the  hepatic  cells  is  at  kas^ 
accompanied  by  the  presence  in  the  blood  of  substances  injurious  to  life  ; 
but  how  far  Ihe  presence  of  those  substances  is  due  to  a  fidlure  of  tto 
manufacture  of  bile  and  the  accumulation  in  the  system  of  the  materials 
for  the  formation  of  bile,  or  to  a  failure  of  other  functions  of  the  hepatio 
cells,  must  be  regarded  as  at  present  undetermined.  The  presence  of  tbo 
bile-pigment  in  this  form  of  jaundice  would  seem  to  indicate  that  the  for-* 
mation  of  the  pigment,  i,  e.  the  transformation  of  luemoglobin  into  bilini'- 
bin,  requires  but  little  labour  on  the  part  of  the  cell,  and  may  be  carried  on. 
even  when  the  protoplasm  of  the  cell  is  highly  deranged. 

Seeing  the  great  solvent  power  of  both  gastric  and  pancreatio  juioe,  tha 
question  is  naturally  suggested,  Why  does  not  the  stomach  digest  itself? 
After  death,  the  stomach  is  frequently  found  partially  digested,  viz.  in. 
cases  when  death  has  taken  place  suddenly  on  a  full  stomach.  In  an  ordi- 
nary death,  the  membrane  ceases  to  secrete  before  the  circulation  is  at  an. 
end.  That  there  is  no  special  virtue  in  living  things  which  prevents  tiieir 
being  digested  is  shewn  by  the  fact,  that  the  legs  of  a  frog  or  the  ear  of  a 
rabbit  introduced  into  a  gastric  fistula  are  read^y  digested.  Dr  Pkkvy'  has 
suggested  that  the  blood-current  keeps  up  an  alkalinity  sufficient  to  neu- 
tralize the  acidity  of  the  juice ;  and  he  shews  by  experiment  that  tracts  o£* 
the  gastric  membrane,  from  which  the  circulation  is  cut  off,  are  digested. 
But  tracts  so  cut  off  soon  die,  they  lose  not  only  the  alkalinity  of  the  blool 
but  also  all  their  powers;  and  the  alkalinity  of  the  blood  will  not  explain, 
why  the  mouths  of  the  glands  which  are  acid  are  not  digested,  or  why 
the  pancreatic  juice,  which  is  active  in  an  alkaline  medium,  does  not  digwfe 
the  proteids  of  the  pancreas  itself,  or  why  the  gastric  membrane  of  the 
bloodless  actinozoon  or  hydrozoon  does  not  digest  itself.  We  might  add,  it 
does  not  ex])lain  why  the  amoeba,  while  dissolving  the  protoplasm  of  the 
swallowed  diatom,  does  not  dissolve  its  own  protoplasm.  We  cannot 
answer  this  question  at  all  at  present,  any  more  than  the  similar  one,  why 
the  delicate  protoplasm  of  the  amoeba  resists  duiing  life  all  osmosis,  while 
a  few  moments  after  it  is  dead,  osmotic  effects  become  abundantly  evident^ 


Sec.  3.    The  Muscular  Mechanisms  op  Digestion. 

From  its  entrance  into  the  mouth  until  such  remnant  of  it  as  is 
undigested  leaves  the  body,  the  food  is  continually  subjected  to  move- 
ments having  for  their  object  the  trituration  of  the  food  as  in  masti- 
cation, or  its  more  complete  mixture  with  the  digestive  juices,  or  i<» 
forward  process  through  the  alimentary  canal.  These  various  move- 
ments may  briefly  be  considered  in  detail. 

1  Proc,  Roy.,  Soc,  xii.  386,  669. 
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XastioatioiL  Of  this  it  need  only  be  said  that  in  man  it  consists 
chiefly  of  an  up  and  down  movement  of  the  lower  jaw,  combined,  in 
the  grinding  action  of  the  molar  teeth,  with  a  certain  amount  of  lateral 
Bad  fore  and  aft  movement.  The  lower  jaw  is  raised  by  means  of 
the  temporal  masseter  and  internal  pterygoid  musclea  The  slighter 
effort  of  depression  brings  into  action  chiefly  the  digastric  muscle, 
though  the  mvlohyoid  and  geniohyoid  probably  share  in  the  matter. 
Ciontraction  of  the  external  pterygoids  pulls  forward  the  condyles,  and 
thrasts  the  lower  teeth  in  front  of  the  upper.  Contraction  of  the 
'^f&rjffAiSia  on  one  side  will  also  throw  the  teeth  on  to  the  opposite 
side.  The  lower  horizontally  placed  fibres  of  the  temporal  serve  to 
letract  the  jaw. 

Daring  mastication  the  food  is  moved  to  and  fro,  and  rolled  about 
hjr  the  movements  of  the  tongue.  These  are  effected  by  the  muscles 
rf  that  organ  governed  by  the  hypoglossal  nerve. 

The  act  of  mastication  is  a  voluntary  one,  guided,  as  are  so  many 
Toltutary  acts,  not  only  by  muscular  sense  but  also  by  contact  sen- 
tttions.  The  motor  fibres  of  the  fifth  cranial  nei*vo  convey  motor 
impulses  from  the  brain  to  the  muscles ;  but  paralysis  of  the  sensory 
fibres  of  the  same  nerve  renders  mastication  difficult  by  depriving 
the  ^mll  of  the  aid  of  the  usual  sensations. 

DeglatitioiL     The  food  when  sufficiently  masticated  is,  by  the 
iDovements  of  the  tongue,  gathered  up  into  a  bolus  on  the  middle  of 
the    upper  surface  of  that  organ.     The  front  of  the  tongue  being 
raised — ^partly  by  its  intrinsic  muscles,  and  partly  by  the  stylo- 
glossus— the  bolus  is  thrust  back  between  the  tongue  and  the  palate 
through  the  anterior  pillars  of  the  fauces  or  isthmus  faucium,     Im- 
iftediately  before  it  arrives  there,  the  soft  palate  is  raised  by  the 
levator  palati,  and  so  brought  to  touch   the  posterior  wall  of  the 
pharynx,  which,  by  the   contraction   of  the  upper  margin   of  the 
■^Perior  constrictor  of  the  pharynx,  bulges  somewhat  forward.     The 
elevation  of  the  soft  palate  causes  a  distinct  rise  of  pressure  in  the 
^^^8al  chambers;  this  can  be  shewn  by  introducing  a  water  mano- 
meter into  one    nostril,   and   closing   the    other  just  previous   to 
■^^llowing.     By  the  contraction  of  the  palato-pharyngeal   muscles 
^^loh  lie  in  the  posterior  pillars  of  the  fauces,  the  curved  edges  of 
|hose  pillars  are  made  straight,  and  thus  tend  to  meet  in  the  middle 
jjlj®,  the  small  gap   between  them  being  filled  up  by  the   uvula. 
J^J'ough  these  manoeuvres,  the  entrance  into  the  posterior  nares  is 
blocked,  while  the  soft  palate  forms  a  sloping  roof,  guiding  the  bolus 
*^^n  the  pharynx.     By  the  contraction  of  the  stylo-pharjugeus  and 
P^to-pharyngeus,  the  funnel-shaped  bag  of  the  pharynx  is  brought 
J}P  to  meet  the  descending  morsel,  very  much  as  a  glove  may  bo 
^wn  up  over  the  finger. 

^  Meanwhile  in  the  larynx,  as  shewn  by  the  lar3mgoscope,  the  arytc- 
^oid  cartilages  and  vocal  cords  are  approximated:  the  latter  being 
i      ^^  raised  ao  that  they  come  very  near  to  the  false  vocal  cords-.  l\i<^i 


326  DEOLUTITIOir.  [Book  a 

cushion  at  tho  base  of  the  epiglottis  covers  the  rima  glottidis,  while 
the  epiglottis  itself  is  depressed  over  the  larvnx.  The  thyioid 
cartilage  is  now,  by  the  action  of  the  laryngeal  muscles^  suddenly 
raised  up  behind  the  hyoid  bone^  and  thus  asaista  the  epiglottis 
to  cover  the  glottis.  This  movement  of  the  thyroid  can  easily 
bo  felt  on  the  outside.  Thus,  both  the  entrance  into  the  posterior 
nai-es  and  that  into  the  larynx  being  closed,  the  impulse  given 
to  the  bolus  by  the  tongue  can  have  no  other  effect  than  to  propel 
it  beneath  the  sloping  soft  palate,  over  the  incline  formed  17 
the  root  of  the  tongue  and  tne  epiglottis^  into  the  grasp  of  the 
constrictor  muscles  of  the  pharynx :  the  palato-glossi  or  constrictoiei 
isthmi  faucium,  which  lie  in  the  anterior  pillars  of  the  fKUces,  by  cxssir 
tracting,  close  tlio  door  behind  the  food  which  has  pa^ed  them.  The 
morsel  being  now  within  the  reach  of  the  constrictors  of  the  phaiynx; 
these  coutRict  in  sequence  from  above  downwards^  and  thus  neoei- 
sarily  thrust  the  food  into  the  oesophagus. 

Deglutition  therefore,  though  a  continuous  act,  may  be  regarded 
as  divided  into  three  stages.  The  first  stas;e  is  the  thrusting  of  the 
fooil  through  the  isthmus  faucium ;  this  being  a  voluntary  act^  mty 
Ih*  either  of  long  or  short  duration.  The  second  stage  is  the  paseige 
thn>ugh  the  upper  part  of  the  pharynx.  Here  the  food  traveneeft 
n'giou  common  both  to  the  food  and  to  respiration,  and  in  consequence 
the  movement  is  as  rapid  as  possible.  The  third  stage  is  the  descent 
through  the  gn\sp  of  the  constrictors.  Here  the  food  has  passed  the 
respiratory  oritice,  and  in  consequence  its  passage  may  again  become 
cvHujuvrutively  slow. 

The  tlrst  stage  in  this  complicated  process  is  undoubtedly  * 
voluntary  action ;  the  raising  of  the  soft  palate  and  the  approximation 
of  the  }vs>torior  pillan^  must  also  be  in  a  measiire  voluntary,  since 
they  were  seen,  in  a  case  where  the  pharynx  was  laid  bare  bya» 
ojvratiou,  to  take  place  before  the  footl  had  touched  them*;  but  they 
may  take  place  without  any  exercise  of  the  will  or  presence  of  con- 
soiousnoss,  and  indeed  the  whole  part  of  the  act  of  deglutition  which 
tollows  u[K>u  the  jKissiug  of  the  fixnl  through  the  anterior  pillars  of 
clio  faiKvs  must  be  rt'ganlod  ;i3  a  retiex  act:  though  some  of  the 
cariior  eouipoueut  movements  are,  as  it  were,  on  the  borderlanu 
Ivtwtvu  tlio  voluntary  and  iu voluntary  kingdoms*  The  constricting 
aotioii  of  tiio  cou  strict  oi"s  on  the  other  hand  is  purely  reflex;  the  will 
luis  \h>  powor  whatever  ovtT  it ;  it  cannot  either  originate,  stoj^  * 
luoi.liry  it. 

lV.;!utUlou  iu>  a  wh«»Ie  is  a  ix^riex  act  and  cannot  take  place  unl** 
sv»iiio  stimulus  Iv  applied  to  tlio  mucous  membrane  of  the  fauce* 
Wliou  wo  voluntarily  briuij  about  swalii.>wiug  movements  with  tht? 
moutli  ompcy.  wc  supply  the  ucccsi>ary  stimulus  by  forcing  with  thi? 
tonL;uc  a  suull  tpinutLty  K}i  saliva  into  tho  fauces^  or  by  touching  the 
laucos  \\\\\i  tL:c  tongue  itself. 

^  ijr*ckc,   r^.-u»«:r/t'i.  I.  T?.  J61- 
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reflex  act  of  deglutition  the  afferent  impulses  originated  in 
\  are  carried  up  chiefly  by  the  glosso-pharyngeal,  but  also 
es  of  the  fifth,  and  by  the  pharyngeal  branches  of  the 
aryngeal  division  of  the  vagus.  The  efferent  impulses 
le  hypoglossal  to  the  muscles  of  the  tongue,  and  pass  down 
•ph£uryngeal,  the  vagus  through  the  pharyngeal  plexus,  the 
ihe  facial,  to  the  muscles  of  the  fauces  and  pharynx:  their 
IS  being  as  yet  not  fully  known,  and  probaoly  varying  in 
Eknimals.  The  laryngeal  muscles  are  governed  by  the 
branches  of  the  vagus. 

ntre  of  the  reflex  act  lies  in  the  medulla  oblongata.  Deglu« 
be  excited,  by  tickling  the  fauces,  in  an  animal  rendered 
IS  by  removal  of  the  brain,  provided  the  medulla  be  left, 
dulla  be  destroyed,  deglutition  is  impossible.  The  centre 
ition  lies  higher  up  than  that  of  respiration,  so  that  the 
•s  is  frequently  impaired  or  rendered  impossible  while  the 
ains  untouched.  It  is  probable  that,  as  is  the  case  in  so 
3r  reflex  acts,  the  whole  movement  can  be  called  forth  by 
fecting  the  centre  directly,  and  not  acting  on  the  usual 
erves. 

jh  successive  segment  of  the  pharyngeal  constrictors  con- 

sequence  from  above  downwaras,  the  bolus  is  carried  down 

ipper  end  of  the  oesophagus.    Here  it  is  subjected  to  the 

of   a  peculiar  muscular    action    known   as   'peristaltic' 

kind  of  muscular  action  is,  with  local  variations,  charac- 

the  whole  alimentary  canal  from  the  beginning  of  the 

I  to  the  end  of  the  rectum,  it  will  be  of  advantage  to 

the  strict  topographical  order  of  events,  and  to  consider, 

,  the  movement  in  that  part  of  the  canal  where  it  is  com« 

simple  in  nature,  and  has  been  best  studied :  viz.  in  the 

stine ;  and  afterwards  to  deal  with  the  variations  occurring 

lar  places  and  under  special  circumstances. 

iltic  action  of  the  small  Intestine.  We  have  already  seen, 

r  of  unstriated  muscular  fibre  (p.  82),  that  a  stimulus  applied 
t  of  the  small  intestine  gives  rise  to  a  circular  contraction, 
bion  of  the  circular  muscular  coat,  which  travels  lengthways 
along  the  intestine,  and  also  to  a  longitudinal  contraction, 
tion  of  the  longitudinal  coat,  which  similarly  travels  length- 
wave  along  the  intestine.  Since  the  circular  coat  is  much 
an  the  longitudinal  one,  the  circular  wave  is  more  power- 
Qore  important  than  the  longitudinal  one;  the  circular 
by  far  the  greater  share  in  propelling  the  food  along 
ine.     It  is  obvious  that  a  circular  contraction  travelling 

intestine  (and  in  the  natural  state  of  things  it  does 
pirnwards,  and  not  both  upwards  and  downwards)   must 

contents  of  the  intestine  onwards  towards  the  caecum, 
tically  when  the  intestines  are  watched  after  opening  the 

15—2 
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abdomen,  the  contents  are  seen  to  be  tbas  thrust  onward  by  il 
contraction  of  the  circular  coat.  This  onward  movement  of  the  foo 
caused  by  the  circular  coat,  may  be  assisted  by  the  contraction  of  il 
longitudinal  coat.  A  longitudinal  contraction,  preceding  at  any  sp 
the  circular  contraction,  will  necessarily  shorten,  and  so  widen,  tl 
segment  of  the  intestine  in  which  it  takes  place,  and  therefore  &d 
tate  the  progress  into  that  segment  of  the  contents  which  are  beii 
pressed  into  it  by  the  circular  contraction  of  the  preceding  segmei 
Thus  both  form3  of  contraction  tend  to  drive  the  food  onward.    It 

Erobable,  however,  that  they  may  occur  independently;  and  it  mi 
e  remembered  that  both  these  kinds  of  contraction  have  as  tb( 
result,  in  the  small  intestine  at  least,  not  only  the  progress  of  t 
digested  food,  but  also  the  locomotion  to  a  certain  extent  of  the  int< 
tine  itself.  When  the  abdomen  is  opened,  what  is  seen  is  not 
much  the  onward  progress  of  the  contents  of  the  canal  as  the  oo 
fused  writhing  of  the  intestines  themselves.  This  arises  from  tl 
intestine  being  arranged  in  pendent  loops,  so  that  the  impulse  givi 
to  the  fluid  contents  reacts  upon  the  tube  itself,  and  causes  locom 
tion  not  only  in  the  loop  where  contraction  is  taking  place,  bat  al 
in  preceding  and  following  loops  from  which  contents  are  drawn,  < 
into  which  they  are  driven.  The  longitudinal  contractions  occunii 
and  recurring  in  a  loop  cause  peculiar  oscillating  movements  of  tl 
loop. 

The  movements,  as  we  have  said,  take  place  j&om  above  dowi 
wards,  and  a  wave  beginning  at  the  pylorus  may  be  traced  a  loo 
way  down.  But  contractions  may,  and  in  all  probability  occasionill 
do,  begin  at  various  points  along  the  length  of  the  intestine.  In  ft 
living  body  the  intestines  have  periods  of  rest,  alternating  wt 
periods  of  activity,  the  occurrence  of  the  periods  depending  onw 
rious  circumstances. 

With  regard  to  the  causation  of  the  peristaltic  movements  of  4 
intestine,  this  much  may  be  affirmed.  They  may  occur,  as  in  a  pieo 
of  intestine  cut  out  from  the  body,  wholly  independently  of  th 
central  nervous  system.  The  only  nervous  elements  which  can  b 
regarded  as  essential  to  their  development  are  the  ganglia  o 
Aucrbach  or  those  of  Meissner  in  the  intestinal  walla. 

Though  peristaltic  movements  can  readily  be  excited  by  stimuli,  aj^ 
either  to  the  outside,  or,  more  especially,  to  the  inside  of  the  intestine,  M 
are  probably  at  bottom  automatic.  The  presence  of  food,  especial]/  • 
food  in  motion,  may  at  times  act  as  a  stimulus,  and  may  in  all  cases  b*  ^ 
condition  affecting  the  nature  and  extent  of  the  movement;  but  cannot  B| 
regarded  as  the  real  cause  of  the  action.  When  any  body  is  introdoca 
into  the  intcatiue,  a  contraction  at  firat  occurs,  but  soon  passes  off  as  w* 
intestine  becomes  accustomed  to  the  presence  of  tlie  body.  There  is  * 
reason  why  the  intestine  should  not  become  equally  accustomed  to  » 
presence  of  food;  and,  as  a  matter  of  fact,  peristaltic  movements  are  oft*' 
absent  when  the  intestines  ai^e  full.  The  presence  of  food  bears  abont  4 
same  relation  to  the  movements  of  the  intestine,  that  the  presence  of  blou 
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bein  to  the  beelt  of  the  heart  .Eoth  arid  favoiirihg  but'  not  indispensable 
eonditions:  in  both  cases  the  action  can  go  on  without  them.  We  may 
•dd  that  just  as  the  tension  of  a  muscle  increases  up  to  a  certain  extent  the 
ioumnt  of  its  oontraction,  and  a  full  heart  beats  more  strongly  than  an; 
empty  one,  so  distension  of  the  intestine  largely  increases  peiistaltic  action. 
Hence  ia  cases  of  obstruction  of  the  bowels,  the  movements  become  dia- 
treasing  by  their  violence. 

Amon?  the  chief  circumstances  affecting  peristaltic  action  may  be 
mentioned  in  the  first  place  the  condition  of  the  blood.  A  lack'  of 
eiygen  or  an  excess  of  carbonic  acid  in  the  blood  excites  powerful 
movements.  This  is  well  seen  in  asphyxia,  and  the  post-mortem 
peristaltic  movements  witnessed  on  opening  a  recently-killed  animal, 
ire  probably  due  to  the  deficiency  of  oxygen  or  the  accumulation  of 
carbonic  acid  in  the  blood  and  tissues  of  the  intestinal  walls.  Con- 
Tereely,  saturation  of  the  blood  with  oxygen,  as  in  the  peculiar  con- 
dition known  as  apnoea  (see  chapter  on  Respiration),  tends  to  check 
peristaltic  movements. 

Judging  from  the  analogy  of  the  respiratory  and  other  nervous  centres 
the  effects  should  be  attributed  to  variations  in  the  quantity  of  oxygen 
nther  than  of  carbonic  acid ;  this  however  docs  not  at  present  seem  clearly 
proved. 

In  the  second  place,  peristaltic  action  is  largely  influenced  by  ner- 
vous influences  passing  along  the  splanchnic  and  vagus  nerves.  The 
movements  will  go  on  after  section  of  both  these  nerves ;  but  as  a 
general  rule,  while  stimulation  of  the  splanchnic  tends  to  cheeky  that 
rf  the  vagus  tends  to  excite  them.  It  is  probably  through  the  vagus 
^i  peristaltic  movements  can  be  effected  in  a  reflex  manner,  as  in. 
^t  increase  of  the  movements  of  the  intestine  in  consequence  of 
Motions,  which  has  given  rise  to  the  phrase  '  my  bowels  yearned,' 

It  is  generally  stated  that  sudden  stoppage  of  the  blood-current  excites* 
P^taltic  action,  the  explanation  given  being  that,  as  after  general  death, 
^ere  is  an  accumulation  of  carbonic  acid  and  a  lack  of  oxygen  in  the  intes- 
tinal tissues.  Van  Braam  Houckgeest',  however,  states,  on  the  contrary, 
^t  it  brings  the  intestine  to  rest ;  and  Nasse'  found  that  the  injection  of 
•'terial  blood  at  a  high  pressure,  caused  very  powerful  movements.  On 
^e  other  hand,  ex])osure  to  air  has  been  considered  as  an  exciting  cause  of 
^  movements;  and  undoubtedly  a  very  large  amount  of  movement  may 
[  "^'inently  be  observed,  on  laying  open  the  abdomen,  even  in  animals 
)r  ^hose  circulation  is  active.  Since  however  the  movements  continue  when 
[  ^■^  body  is  immersed  in  weak  sodium  chloride  solution  and  the  intestine 
'  thereby  excluded  from  direct  contact  with  air,  they  cannot  be  attributed  to 
I  ^te  exposnre.  If  the  splanchnic  nerve  be  stimulated  while  active  move- 
I  iQeiit  is  going  on,  the  intestine  is  undoubtedly  brought  to  rest  Since  at 
\.  ^^  same  time  the  blood-vessels  of  the  intestine  are  by  the  vaso-constrictor 
^etiou  of  the  splanchnic  constricted^  the  quiescence  of  the  intestine  may  be 

1  Pfluger,  Die  Hemmungitierven  des  DarmSt  1857. 

s  Pfljiger'8  Archiv,  vi.  (1872)  266. 

'  Beitr.  t,  PhytioL  d,  Darmbewegungen^  1866. 


830  PERISTALTIC  ACTION.  [BowLn. 

indirectly  due  to  insnfficient  blood-snpply*.    Hoackgeeet  however  denies 
this,  on  the  ground  that  when  by  exposure  to  the  air  the  blood-veflseli  d 
the  intestine  are  so  far  paralysed  as  to  be  no  longer  constricted  by  tho 
action  of  the  splanchnic,  quiescence  of  the  intestine  is  still  observed  d^ 
irritating  that  nerve.    The  splanchnic  thus  appears  to  be  a  direct  inhibitory 
nerve  as  regards  peristaltic  action,  while  the  vagus  is  undoubtedly  aa 
adjuvant  or  accelerator  nerve.      It  is  stated  that  after  section  <tf  the 
splanchnics  peristaltic  movements  are  more  active  and  more  madily  broaght 
about  by  stimulation  of  the  vagus  than  when  the  splanchnics  are  entire. 
According  to  Ludwig'^  however,  stimulation  of  the  splanchnic,  while  it 
stops  an  already-developed  peristaltic  action,  will  bring  on  the  movement 
when  brought  to  bear  on  an  intestine  previously  at  rest. 

When  the  vagus  is  stimulated,  peristaltic  contraction  is  seen  to  b^iii' 
at  the  pylorus  of  the  stomach  and  so  to  descend  along  the  intestine.  It  his 
been  stated  that  no  so-called  antiperistaltic  action,  that  is,  a  wave  of  cfak" 
traction  passing  upwards  instead  of  downwards  along  the  intestine^  evex* 
occurs  naturally  in  the  intestine,  the  backward  flow  undoubtedly  seen  when, 
an  obstruction  exists  being  explained  as  being  simply  due  to  a  central 
return  current.  When  however  the  duodenum  is  mechanically  stimulated 
both  a  peristaltic  and  an  antiperistaltic  wave  may  be  observed,  the  formed 
passing  downward  and  ceasing  at  the  ileo-ciecal  valve  if  not  before,  tho 
latter  passing  up  and  ceasing  at  the  pylorus.  And  when  in  the  exposed. 
intestines  a  wave,  as  occasionally  happens,  b^ins  spontaneously  in  the  dno' 
denum,  it  may  sometimes  be  seen  to  pass  both  upwards  and  downwaids- 
It  is  worthy  of  notice  that  stimulation  of  the  small  intestine  is  said  not  to 
cause  movement  either  in  the  stomach  or  large  intestine,  and  stimulatioD- 
of  the  large  causes  no  movement  of  the  small  intestine,  the  ileo-caocal  vb1v0 
and  the  pylorus  barring  the  progress  of  the  waves ^ 

Certain  drugs,  such  as  nicotin,  (atropin,  ergot,)  induce  strong  peristaltic? 
action;  the  modus  operandi  of  these  and  of  the  more  specific  purgative 
drugs  is  at  present  xmcertain. 


Having  thus  studied  the  general  characters  of  peristaltic  action  i 
its  most  marked  form,  we  may  briefly  consider  the  same  movemen'*' 
in  other  parts  of  the  alimentary  canal 

Movements  of  the  (Esophagus.    The  descent  of  the  food  alon^ 
the  oesophagus  is  effected  by  a  peristaltic  contraction  of  the  circulaJ^ 
and  longitudinal  coats,  resembling  in  its  general  characters  that  o 
the  intestine.     It  differs  however  in  being  more  closely  dependent  o; 
the  central  nervous  system,  and  may  in  fact  be  considered  as  beiD^ 
in  large  measure  a  reflex   act,   with   the   centre   in   the  medulla 
oblongata,  both  afferent  and  efferent  impulses  being  supplied  by  th^ 
vagus.     It  may  be  readily  excited  by  stimulating  the  central  end  o» 
the  superior  laryngeal  nerve ;  and  this  nerve,  since  it  is  connected  hy 
its  pharyngeal  branch  both  with  the  mucous  membrane  of  the  phaiya^ 
and  with  the  lower  pharyngeal  constrictor,  may  serve  to  inaugurate  the 
oesophageal  movement,  by  carrying  afferent  impulses  started  by  tU« 

»  Basoh,  Wien,  Sitzungthericht,  Lxvin.  (1873).  «  LthrlK  n.  p.  616. 

*  Engelmami,  Pfluger^s  Archiv,  iv.  (1871)  33. 


i 


aup.L]  DIGESTION.  231 

■TOMDce  of  fi>od  in  tbe  pharynx  or  by  the  muscular  act  of  swallowing. 
Section  of  the  trunk  of  the  vagus  renders  difficult  the  passage  of  food 
along  the  oesophaguSi  and  stimulation  of  the  penpheral  stump 
eaiues  oesophageal  contractions.  Hence  the  motor  tracts  of  the 
reflex  act  are  to  be  sought  for  in  the  vagus  also.  The  force  of  this 
mo?ement  is  considerable ;  thus  Mosso^  found  that  in  the  dog  a  ball 
pulling  by  means  of  a  pulley  against  a  weight  of  250  grammes  was 
leadily  carried  down  from  the  pharynx  to  the  stcnnack. 

H0880*  states  that  section  and  even  removal  of  portions  of  the  ceso- 
pliagiu  do  not  prevent  the  progression  of  a  peristaltic  wave  from  the 
pharynx  to  the  stomach,  provided  the  reflex  machinery  of  the  medulla  be 
intact  He  argues  in  consequence  that  the  natural  movement  in  swallow- 
ing is  entirely  carried  on  by  the  medulla  as  a  reflex  act.  Nevertheless  an 
OB<^)liagii8  according  to  his  own  accpunt  will  when  removed  from  the  body, 
and  tlierefore  entirely  separated  from  any  extrinsic  nervous  mechanism, 
axlubit  good  peristaltic  movements.  The  extrinsic  central  mechanism 
l^icrefore  would  seem  only  to  be  useful  in  perfecting  a  movement  which  in 
ita  absence  would  be  imperfect  and  inefficient. 

Goltz'  has  shewn  that  if  in  a  unarized  frog  fluid  be  poured  down  the 
ftroat^  both  stomach  and  oesophagus  will,  after  the  £rst  peristaltic  move- 
■Mnta  carrying  down  the  first  portions  of  fluid  have  passed  4iway,  remain 
perfecUy  qoiesoent  in  an  enormously  distended  condition  (the  contraction 
of  the  pylorus  preventing  the  descent  of  the  fluid  into  the  duodenum),  so 
kng  as  the  medulla  oblongata  and  vagi  are  intact.  Destruction  of  the 
medulla  or  section  of  the  vagi  gives  rise  to  the  development  of  abundant 
downward  and  upward  peristaltic  waves  of  contraction,  by  which  the 
■tomach  becomes  wrinkled  and  the  top  of  the  oesophagus  closed;  and  these 
movements  last  as  long  as  the  irritability  of  the  organs  continues.  During 
the  qniescence  observed  with  intact  vagi  and  medulla,  temporary  peristaltic 
action  may  be  induced  by  direct  irritation  of  the  vagus,  or  in  a  reflex 
''^^luier  through  the  medulla,  by  stimulation  of  the  skin  or  intestine. 
Chanveaa^  and  Schiff'  also  saw  occasional  movements  in  the  oesophagus 
*^  section  of  the  vagus.  Goltz  interprets  his  result  by  supposing  that 
the  movements  are  primarily  caused  by  local  motor  centres  in  the  cesopha- 
fS^  and  stomach,  habitually  inhibited  by  the  action  of  a  centre  in  the 
medulla  Hence  when  this  inhibition  is  removed  by  destruction  of  the 
B^ulla  or  section  of  the  vagi,  the  energy  of  the  local  centres  is  free  to  act. 
B^nlation  of  the  skin  or  other  distant  spots  produces  movements  by 
^resdng  the  medullary  inhibitory  centre.  Stimulation  of  the  vagus 
P'^^W>ly  produces  movements  by  directly  augmenting  the  local  centres. 

The  junction  of  the  oesophagus  with  the  stomach  remains  in  a 
>w>re  or  less  permanent  condition  of  tonic  or  obscurely  rhythmic  con- 
^'^ction,  more  particularly  when  the  stomach  is  full  of  food,  and  thus 
T^^es  as  a  sphmcter  to  prevent  the  return  of  food  from  the  stomach 
Uito  the  oesophagus. 

*  Molewshott'B  XJnienwiK  n.  (1874)  827.  *  hoc,  ciU 
s  PiHiger'8  AreHv,  yi.  (1872),  616. 

«  Jowmal  de  PhytiologU,  v.  (1868)  p.  887. 

*  Le^om  tur  la  Pkyiiologie  de  DigeHion,  p.  877. 
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Movements  of  the  Stomacli*  These  are  at  bottom  peristaltic  i 
nature,  though  largely  modified  by  the  peculiar  arrangement  of  tl 
gastric  muscular  fibres.  When  food  fi^t  enters  the  stomach,  tl 
movements  are  feeble  and  slight^  but  as  digestion  goes  on  tht 
become  more  and  more  vigorous,  giving  rise  to  a  sort  of  chonu] 
within  the  stomach,  the  food  travelling  from  the  cardiac  orifice  aka 
the  greater  curvature  to  the  pylorus,  and  returning  by  the  leai 
curvature,  while  at  the  same  time  subsidiary  currents  tend  to  cai 
the  food  which  has  been  passing  close  to  the  mucous  membra 
'  towards  the  middle  of  the  stomach,  and  vice  versa.  At  the  pyta 
end  strong  circular  contractions  are  set  up,  by  which  portions  of  fa 
more  especially  the  dissolved  parts,  but  also^  small  solid  pieces,  i 
carried  through  the  relaxed  sphincter  into  the  duodenum.  As  di« 
tion  proceeds,  more  and  more  material  leaves  the  stomach,  whi<£ 
thus  gradually  emptied,  the  last  portions  which  are  carried  throa 
being  those  matters  which  are  least  digestible,  and  foreign  bodi 
which  happen  to  have  been  swallowed.  The  presence  of  food  th 
leads  to  the  development  of  obscurely  peristaltic  rhythmic  moi 
ments,  the  stomach  when  empty  being  contracted,  but  quiescei 
but  evidently  it  is  not  the  mere  mechanical  repletion  of  the  ore 
which  is  the  cause  of  the  movements,  since  the  stomach  is  folii 
at  the  beginning  when  the  movements  are  slight,  and  becom 
empty  as  they  grow  more  forcible.  The  one  thing  which  does  i 
crease  pari  passu  with  the  movements  is  the  acidity,  which  is  al 
minimum  when  the  (generally  alkaline)  food  has  been  swallowed,  a 
increases  steadily  onwards.  It  has  not  however  been  definitely  shei 
that  the  increasing  acidity  is  the  eflScient  stimulus,  giving  rise  to  t 
movements. 

The  nervous  mechaDism  of  the  gastric  movements  is  very  perplexii 
Judging  from  the  analogy  of  the  intestine,  one  would  imagine  tlmt  tl 
originated  in  the  stomach  itself,  being  modified  but  not  directly  cam 
by  the  action  of  the  central  nervous  system.  Spontaneous  movemeii 
however,  of  a  stomach,  whose  nervous  connections  have  been  sever 
even  of  a  full  one,  are  at  least  much  more  rare  than  those  seen  in  \ 
intestine  or  even  in  the  (esophagus;  and  such  movements  as  are  occasios 
by  local  mechanical  or  other  stimulation  are  limited  in  extent,  and  Tix\ 
put  on  all  the  characters  of  the  natural  complex  contractions.  Sii 
therj3  are  abundant  ganglia  in  the  walls  of  the  stomach,  it  may  fiu: 
be  doubted  whether  the  automatic  movements  of  the  excised  intestine  i 
due  to  the  action  of  ganglia,  otherwise  why  should  not  the  gangtift 
the  stomach  set  up  spontaneous  movements  in  that  organ  also)  For 
ganglia  are  par  excellence  the  organs  of  automatic  actions  we  should  ezp 
spontaneous  movements  to  accompany  their  presence. 

The  stomach  i-eceives  its  nervous  supply  from  the  vagi  and  also  fit 
the  solar  plexus,  with  which  the  splanchnics  are  connected.  When  t 
vagi  are  divided,  a  spasmodic  constriction  of  the  cardiac  orifice  takes  piM 
and  food  is  thus  prevented,  for  a  time  at  least,  from  leaving  the  oesophagi 

1  Eiihne,  Lehrb.  i.  53. 
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This  result  b  in  harmony  with  tlie  observations  of  Goltz  on  the  frOg.  But 
the  natural  movements  of  the  stomach  itself  cease,  though  the  introduction 
of  food  after  section  of  the  vagi  is  said  to  cause  some  amount  of  contraction. 
They  may  be  induced  by  stimulation  of  the  peripheral  stumps  of  the  vagi, 
when  the  stomach  is  full,  but  not  if  it  be  empty.  Neither  section  nor 
stimulation  of  the  splanchnics  or  of  the  branches  from  the  solar  plexus 
produce,  it  is  said,  any  effect  on  the  stomach  as  far  as  its  movements  are 
ooncemed.  Evidently  the  movements  of  the  stomach,  far  more  than  those 
of  the  intestine,  are  dependent  on  and  governed  by  the  central  nervous 
system,  but  the  exact  manner  in  which  they  are  governed,  and  the  proper 
share  to  be  allotted  to  exciting  and  inhibitory  mechanisms,  remain  yet  to 
be  discovered.  The  sort  of  tonic  contraction,  into  which  the  walls  of  the 
itomach  &11  when  its  cavity  is  empty,  does  not  occur  in  the  intestine ; 
and  this  feature  probably  modifies  all  the  nervous  working  of  the  organ. 
Kop  do  we  know  the  exact  mechanism  by  which  the  pyloric  sphincter  is 
'wcd  to  strain  off  gradually  the  more  digested  portions  of  the  food.  The 
movements  of  even  a  full  stomach  are  said  by  Busch*  to  cease  during  sleep. 

ICovements  of  the  large  Intestine.  These  are  fuudamentally 
toe  same  as  those  of  the  small  intestine,  but  distinct  in  so  far  as  the 
latter  cease  at  the  ileo-caecal  valve,  at  which  spot  the  former  normally 
oegin. 

They  are  said,  however,  not  to  be  inhibited  by  stimulation  of  the 
V^anchnics*. 

The  fseces  in  their  passage  through  the  colon  are  lodged  in  the 
^J^^uli  during  the  pauses  between  the  peristaltic  waves.  Arrived  at 
"^^  sigmoid  flexure,  they  are  supported  by  the  bladder  and  the 
**^^inm,  so  that  they  do  not  press  on  the  sphincter  ani. 

DefiBBCation.  This  is  a  mixed  act,  being  superficially  the  result 
^^  an  eflFort  of  the  will,  and  yet  carried  out  by  means  of  an  involuntary 
n^echanism.  Part  of  the  voluntary  effort  consists  in  producing  a 
pj'essure-effect,  by  means  of  the  abdominal  muscles.  These  are  con- 
^'^'^<5ted  forcibly  as  in  expiration,  but  the  glottis  being  closed,  and  the 
?®^^pe  of  air  from  the  lungs  prevented,  the  whole  force  of  the  pressure 
'^  l>rought  to  bear  on  the  abdomen  itself,  and  so  drives  the  contents 
P^  the  descending  colon  onward  into  the  rectum.  The  sigmoid  flexure 
^  ^y  its  position  sheltered  from  this  pressure ;  a  body  introduced  per 
^^Um  into  the  empty  rectum  is  not  affected  by  even  forcible  con- 
tractions of  the  abdominal  walls. 

The  anus  is  guarded  by  the  sphincter  ani,  which  is  habitually  in 

^.  ^tate  of  normal  tonic  contraction,  capable  of  being  increased  or 

—"finished  by  a  stimulus  applied,  either  internally  or  externally,  to 

the  anus.    The  tonic  contraction  is  in  part  at  least  due  to  the  action 

^^  a  nervous  centre  situated  in  the  lumbar  spinal  cord*.     If  the 

nervous  connection  of  the  sphincter  with  the  spinal  cord  be  broken, 

^^laxation  takes  place.     If  the  spinal  cord  be  divided  in  the  dorsal 

^  yhfStk.ArehiVt  xir.  p.  166.  '  Pfliiger,  op,  cit, ;  Nassd,  op,  cit, 

*  HMiup,  BiiUl,  deVAead.  R,  de  Btlgigue,  xxiv.  (1867),  p.  dU. 
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region,  the  sphincter,  after  the  depressing  effect  of  the 
which  may  last  several  days,  has  passed  o£^  still  maintains  i 
tonicity,  shewing  that  the  centre  is  not  placed  higher  up  than  it 
lumbar  region  of  the  cord.  The  increased  or  dimimshed  contractu 
following  on  local  stimulation  is  probably  due  to  a  reflex  angme 
tation  or  inhibition  of  the  action  of  this  centre.  The  centra 
also  subject  to  influences  proceeding  from  higher  r^ons  of  ti 
cord,  and  from  the  brain.  ]By  the  action  of  the  will,  by  emotions^ 
by  other  nervous  events,  the  lumbar  sphincter  centre  may  be  i 
hibited,  and  thus  the  sphincter  itself  relaxed ;  or  augmented,  tt 
thus  the  sphincter  tightened.  A  second  item  therefore  of  the  vok 
tary  process  in  defsecation  is  the  inhibition  of  the  lumbar  sphind 
centre,  and  consequent  relaxation  of  the  sphincter  muscle. 

According  to  €U>ltz^,  in  the  dog  after  division  of  the  dorsal  cord|  t 
consequent  separation  of  the  spluneter  centre  from  the  oerelNramy  la 
stimulation,  such  as  the  introduction  of  the  finger,  causes  not  a  stei 
increase  or  decrease  of  the  action  ^f  the  sphincter,  but  a  rhythmic  alteniati 
of  tightening  and  relaxing.  The  absence  of  this  rhythm  with  an  intact  o 
indicates  some  obscure  action  of  the  cerebral  centres  on  the  lumbar  oeni 
The  conversion  of  the  tonic  into  the  rhythmic  action  also  illustratea  1 
close  relationship  between  these  two  kinds  of  movements. 

Though  the  tonic  contraction  of  the  sphincter  seems  so  largely  dependi 
on  the  lumbar  centre,  still  this  dependence  is  probably  not  an  abeolnte  o 
In  the  case  of  a  man  in  whom  as  the  result  of  injury  the  sacral  nerves  w 
entirely  paralysed,  and  the  sphincter  accordingly  had  no  nervous  o 
nection  with  the  lumbar  centre  (unless  there  were  a  roundabout  connect 
by  means  of  the  sympathetic),  €k)wer'  observed  the  maintenance  of  a  cert 
amount  of  tonic  contraction  which  could  be  inhibited,  and  relaxation 
duced,  by  stimulation  of  the  mucous  membrane  of  the  rectum  and  an 
As  in  the  case  of  the  arteries,  we  have  apparently  to  deal  here  with  a  to 
contraction  which  is  habitually  dependent  on  a  spinal  centre^  but  wh 
may  nevertheless  exist  without  the  action  of  that  centra 

Since  the  lumbar  centre  is  wholly  efficient  when  separated  from  ' 
brain,  the  paralysis  of  the  sphincter  which  occurs  in  certain  oerefc 
diseases  is  probably  due  to  inhibition  of  this  oentre,  and  not  to  paral^ 
of  any  cerebral  centre. 

Thus  a  voluntary  contraction  of  the  abdominal  walls,  acco 
panied  by  a  relaxation  of  the  sphincter^  might  press  the  contents 
the  descending  colon  into  the  rectum  and  out  at  the  anus.  Sii 
however,  as  we  have  seen,  the  pressure  of  the  abdominal  walls 
warded  oflF  the  sigmoid  flexure,  such  a  mode  of  defsecation  woi 
always  end  in  leaving  the  sigmoid  flexure  fulL  Hence  the  necess 
for  these  more  or  less  voluntary  acts  being  accompanied  by  an  entir 
involuntaiT  augmentation  of  the  peristaltic  action  of  the  large  intesti 
and  sigmoid  flexure.  Or  rather,  to  describe  matters  in  their  proj 
order,  defsecation  takes  places  in  the  following  manner.  The  signw 
flexure  and  large  intestine  becoming  more  and  more  full,  strooj 

*  Pflttgor'fl  ArehiVf  tot.  (1874),  460.  «  Proe.  Roy.  8oe.  xm.  (1877),  p.  77. 
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and  stronger  peristaltic  action  is  excited  in  their  walls.  By  this  means 
the  faeces  are  driven  against  the  sphincter.  Through  a  voluntary 
ao^  or  sometimes  at  least  by  a  simple  reflex  action,  the  lumbar 
sphincter  centre  is  inhibited  and  the  sphincter  relaxed.  At  the  same 
tmae  the  contraction  of  the  abdominal  muscles  presses  firmly  on  the 
doaoending  colon^  and  thus  the  contents  of  the  rectum  are  ejected. 

It  must  however  be  remembered  that,  while  in  appealing  to  our 
isrvTMi  consciousness,  the  contraction  of  the  abdominal  walls  and  the 
lel^oation  of  the  sphincter  seem  purely  voluntary  efforts,  the  whole 
acrb  of  defffication,  including  both  of  these  seemingly  so  voluntary 
ooniponents,  may  take  place  in  the  absence  of  consciousness,  and 
indeed,  in  the  case  of  Qoltz's  dog^  after  the  complete  severance  of  the 
liuxibar  from  the  dorsal  cord.  In  such  cases  the  whole  act  must  be 
pixrely  reflex,  excited  by  the  presence  of  faeces  in  the  rectum* 

YomitlXIg.     In  a  conscious  individual  this  act  is  preceded  by 

feelings  of  nausea,  during  which  a  copious  flow  of  saliva  into  the 

nkoutn  takes  place.    This  being  swallowed  carries  down  with  it  a 

certain  Quantity  of  air,  the  presence  of  which  in  the  stomach, 

by  aRsistmg  in  the  opening  of  the  cardiac  sphincter,  subsequently 

facilitates  the  discharge  of  the  gastric  contents.    The  nausea  is 

generally  succeeded  at  first  by  ineffectual  retching  in  which  a  deep 

ui^iratory  effort  is  made,  so  that  the  diaphragm  is  thrust  down  as 

low  as  possible    against    the  stomach    the    lower   ribs   being   at 

^e  same  time  forcibly  drawn  in;   since   during   this  inspiratory 

^ort  the  glottis  is  kept  closed,  no  air  can  enter  into  the  lungs ; 

hut  some  is  drawn  into  the  pharynx,  and  thence  probably  descends 

py  a  swallowing  action  into  the  stomach.    In  actual  vomiting  this 

^'^^iratory   effort   is   succeeded    by   a   sudden   violent   expiratory 

^^itraction  of  the  abdominsd  walls,  the  glottis  still  being  closed,  so 

™^t  the  whole  force  of  the  effort  is  spent,  as  in  defecation,  in 

P^^sure   on   the   abdominal  contents.     The  stomach  is  therefore 

forcibly  compressed  from  without.    At  the  same  time,  or  rather  im- 

naediately  before  the  expiratory  effort,  by  a  contraction  of  its  longi- 

*J^dinal  fibres  the  oesophagus  is  shortened  and  the   cardiac   orifice 

w  the  stomach  brought  close  under  the  diaphragm,  while  apparently 

^7    a  contraction  of  the  fibres  which  radiate  from  the  end  of  the 

®^phagus  over  the  stomach,  the  cardiac  orifice,  which  is  normally 

5*^^sed,  is  somewhat  suddenly  dilated.     This  dilation  opens  a  way 

*?^  the  contents  of  the  stomach,  which,  pressed  upon  by  the  contrac- 

"Oii  of  the  abdomen,  and  to  a  certain  but  probably  only  to  a  slight 

^^^nt  by  the  contraction  of  the  gastric  walls,  are  driven  forcibly 

^P^the  oesophagus,  their  passage  along  that  channel  being  possibly 

~^ted  by  the  contraction  of  the  longitudinal  muscles.    The  mouth 

"^^^g  widely  open,  and  the  neck  stretched  to  afford  as  straight  a 

^Utia  as  possible,  the  vomit  is  ejected  from  the  body.    At  this 

^^Daent  there  is  an  additional  expiratory  effort  which  serves  to  pre- 

*  Op,  ciu 
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vent  the  vomit  passing  into  the  larynx.  In '  most  caaes  too  the 
posterior  pillars  of  the  fauces  are  approximated,  in  order  to  dose 
the  nasal  passage  against  the  ascending  stream.  This  however  in 
severe  vomiting  is  frequently  inefifectual. 

Thus  in  vomiting  there  are  two  distinct  acts ;  the  dilation  of 
the  cardiac  orifice  and  the  extrinsic  pressure  of  the  abdominal  waDs 
in  an  expiratory  effort.  Without  the  former  the  latter,  even  when 
distressingly  vigorous,  is  ineffectual.  Without  the  latter,  as  it 
urari  poisoning,  the  intrinsic  movements  of  the  stomach  itself  are 
rarely  sufficient  to  do  more  than  eject  gas,  and,  it  may  be,  a  very 
small  quantity  of  food  or  fluid.  Pyrosis  or  waterbrash  is  probably 
brought  about  by  this  intrinsic  action  of  the  stomach. 

During  vomiting  the  pylorus  is  generally  closed,  so  that  kt 
little  material  escapes  into  the  duodenum.  When  the  gall-bladder 
is  full,  a  copious  flow  of  bile  into  the  duodenum  accompanies  the  act 
of  vomiting.  Part  of  this  may  find  its  way  into  the  stomach,  as  in 
bilious  vomiting,  the  pylorus  then  being  evidently  open. 

The  experiment  of  Majendie,  shewing  that  vomiting  can  take  place  wlitf^ 
a  simple  bladder  is  substituted  for  the  stomach,  is  said  to  fiiil  unless  th0 
(esophageal  sphincter  be  removed  or  the  dilating  mechanism  be  left  intact. 
SchifT^,  by  introducing  his  finger  through  a  gastric  fistula^  was  able  'U 
nscertain  by  direct  touch,  both  the  normal  occlusion  of  the  cardiac  orifio0 
broken  only  during  the  descent  of  food,  and  its  sudden  dilation  jo^ 
]>receding  the  expiratory  pressure  during  vomiting.  He  found  that  whes 
the  muscular  fibres  radiating  from  the  oesophagus  over  the  stomach  wen 
injured,  as  by  crushing  them  with  a  ligature  forcibly  applied  for  a  fe^ 
seconds,  the  constriction  of  the  cardiac  orifice  remained  permanent;  dilff 
tion  of  the  cardiac  orifice,  and  in  consequence  vomiting,  became  impossible 
Ho  therefore  regards  the  dilation  as  caused  by  the  active  contniction  9 
these  fibres,  and  not  as  due  to  inhibition  of  the  normally  contracted  circular 
fibres.  In  order  that  the  contraction  of  the  radiating  fibres  should  cauM 
dilation,  their  ends  dLstal  fi^m  the  oesophagus  must  be  fixed.  This  1^ 
]»rovided  by  the  stomach  being  supported  by  the  descent  of  the  diaphragm 
The  support  afforded  to  the  oesophagus  by  the  diaphragm  as  it  pa^s^ 
through  that  muscle  must  also  be  of  advantage,  and  the  longer  the  portioc 
of  oeso[)hagu8  between  the  diaphragm  and  the  stomach,  the  greater  \rill  b« 
the  effect  of  the  radiating  muscles  in  pulling  down  the  oesophagus  insteac 
of  dilating  its  orifice.  This  is  possibly  the  reason  why  the  horse  and  otlie- 
hcrbivorous  animals  vomit  with  such  difficulty. 

The  nervous  mechanism  of  vomiting  is  complicated  and  in  man^ 
aspects  obscure.  The  efferent  impulses  which  cause  the  expiratory 
effort  must  come  from  the  respiratory  centre  in  the  medulla ;  witl 
these  we  shall  deal  in  speaking  of  respiration.  The  dilation  of  tb.  • 
cardiac  orifice  is  caused,  in  part  at  least,  by  efferent  irapuls<3: 
descending  the  vagi,  since  when  these  are  cut  real  vomiting  with  dis* 
charge  of  the  gastric  contents  is  difficult,  through  want  of  readiness 
in  the  dilation.     The  sympathetic  abdominal  nerves  coming  from 

1  Molescbott's  UnUmteh,  z.  (1870)  353. 
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oodiac  ganglia  and  the  splanchnic  nerves  seem  to  have  no  share 
in  the  matter.  The  efferent  impulses  which  cause  the  flow  of  saliva 
in  the  introductory  nausea  descend  the  facial  along  the  chorda  tym- 
pani  branch.  These  various  impulses  may  best  be  considered  as 
starting  from  a  vomiting  centre  in  the  medulla,  having  close  relations 
with  the  respiratory  centre.  This  centre  may  be  excited,  may  be 
thrainni  into  action,  in  a  reflex  manner,  by  stimuli  applied  to  peri- 
pheral nerves,  as  when  vomiting  is  induced  by  tickling  the  fauces,  or 
by  irritation  of  the  gastric  membrane,  or  by  obstruction  due  to  liga- 
tore,  hernia^  etc.,  of  the  intestine.  That  the  vomiting  in  the  last 
instance  is  due  to  nervous  action,  and  not  to  any  regurgitation  of  the 
intestinal  contents,  is  shewn  by  the  fact  that  it  will  take  place  when 
the  intestine  is  perfectly  empty  and  may  be  prevented  by  section  of  the 
inesenteric  nerves.  The  vomiting  attending  renal  ^nd  biliary  calculi 
is  apparently  also  reflex  in  origin.  The  centre  however  may  be 
affected  directly,  as  probably  in  the  cases  of  some  poisons,  and  in 
some  instances  of  vomiting  from  disease  of  the  medulla  oblongata. 
I^^tly,  it  may  be  thrown  into  action  by  impulses  reaching  it  from 
.parts  of  the  brain  higher  up  than  itself,  as  in  cases  of  vomiting 
produced  by  smells,  tastes  and  emotions,  and  by  the  memory  of 
V^  occasions,  and  in  some  cases  of  vomiting  from  cerebral  disease. 

Stiany  emetics,  such  as  tartar  emetic,  appear  to  act  directly  on 
*^e  centre,  since  they  will  produce  vomiting  not  only  when  introduced 
^^  the  blood,  but  even  when  a  bladder  is  substituted  for  the 
Btooiach.  Others  again,  such  as  mustard  and  water,  act  in  a  reflex 
'^'^ner  by  irritation  of  the  gastric  mucous  membrane.  With  others, 
•S^in,  which  cause  vomiting  by  developing  a  nauseous  taste,  the 
J^ex  action  involves  parts  of  the  brain  higher  than  the  centre  itself. 

Since  the  vagus  acts  as  an  efferent  nerve  in  causing  the  dilation  of  the 
^Ual  orifice  so  essential  to  the  act,  it  is  difficult  to  eliminate  the  share 
^^'ceu  by  the  vagus  as  an  afferent  nerve  carrying  up  impulses  from  the 
•'^iiaach  to  the  vomiting  centre.  The  remarkable  flstct  that,  by  giving 
^i^'^^r  emetic,  vomiting  may  in  dogs  be  sometimes  induced,  even  after  section 
^£^^e  vagi,  idiews  that  the  dilation  of  the  cardiac  orifice,  though  normally 
^^*^cted  through  the  vagus,  may  be  carried  out  by  means  of  some  local 
'^^Cihanism,  and  that  the  emetic  may  also  stimidate  that  local  mechanism 
At  the  same  time  that  it  is  affecting  the  general  centre. 

^*^.  4.    The  Changes  which  the  Food  undergoes  in  the  Ali- 
mentary Canal. 

^Having  studied  the  properties   of  the  digestive  juices,  and  the 

^^^\oiis  mechanisms  by  means  of  which  the  food  is  brought  under 

♦K   ^  influence,  we  have  now  to  consider  what,  as  matters  of  fact,  are 

^Y?  *^ual  changes  which  the  food  does  undergo  in  passing  along  the 

^xuentary  canal,  what  are  the  steps  by  which  the  food  is  converted 

^to  fBBces. 
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In  the  mouth  the  presence  of  the  food,  aadsted  by  the  mofe- 
ments  of  the  jaw,  causes,  as  we  have  seen,  a  flow  of  saliva.  1^ 
mastication,  and  by  the  addition  of  mucous  saliva^  the  food  is  broken 
into  small  pieces,  moistened,  and  gathered  into  a  conTenient  bohu 
for  deglutition.  In  man  some  of  the  starch  is,  even  durinff  tb 
short  stay  of  the  food  in  the  mouth,  converted  into  sugar ;  lor  i 
boiled  starch  free  from  sugar  be  even  momentarily  held  in  tb 
mouth,  and  then  ejected  into  water  (kept  boiling  to  destroy  tb 
ferment),  it  will  be  found  to  contain  a  decided  amount  of  sugar.  L 
many  animals  no  such  change  takes  place.  The  viscid  saliva  of  tb 
dog  serves  almost  solely  to  assist  in  deglutition;  and  even  the  longe 
stay  which  food  makes  in  the  mouth  of  the  horse  is  insuffident  i 
produce  any  marked  conversion  of  the  starch  it  may  contain.  Duiii^ 
the  rapid  transit  through  the  (BSOphagU  no  appreciable  chug 
takes  place. 

In  the  stomach)  the  arrival  of  the  food,  the  reaction  of  which : 
either  naturally  alkaline,  or  is  made  alkaline,  or  at  least  is  reduce 
in  acidity,  by  the  addition  of  saliva,  causes  a  flow  of  gastric  juk 
This  already  commencing  while  the  food  is  as  yet  in  the  moat 
increases  as  the  food  accumulates  in  the  stomach,  and  as,  by  tl 
churning  gastric  movements,  unchanged  particles  are  continua] 
being  brought  into  contact  with  the  mucous  membrane.  Hen 
the  reaction  of  the  gastric  contents  becomes  more  and  more  d 
tinctly  acid  as  digestion  proceeds.  The  change  of  starch  into  sag 
is  lessened  or  perhaps  arrested.  The  fats  themselves  remain  a 
changed;  but,  through  the  conversion  of  proteids  into  peptot 
not  only  are  the  more  distinctly  proteid  articles  of  food,  such 
meat,  broken  up  and  dissolved,  but  the  proteid  framework, 
which  the  starch  and  fats  are  frequently  imbedded,  is  loosent 
the  starch-granules  are  set  free,  and  the  fats,  melted  for  the  m< 
part  by  the  heat  of  the  stomach,  tend  to  run  together  in  large  dnr 
which  in  turn  are  more  or  less  apt  to  be  broken  up  into  an  impeifd 
emulsion.  The  collagenous  tissues  are  dissolved;  and  hence  t 
natural  bundles  of  meat  and  vegetables  fall  asunder;  the  muscul 
fibre  splits  up  into  discs,  and  the  protoplasm  is  dissolved  from  t 
vegetable  cells.  While  these  changes  are  proceeding,  the  thi 
turbid  greyish  liquid  or  chyme,  formed  by  the  imperfectly  dissolv 
food,  is  from  time  to  time  ejected  through  the  pylorus,  accompani 
by  even  large  morsels  of  solid  less-digeSted  matter.  This  may  occ 
within  a  few  minutes  of  food  having  been  taken,  but  the  laij 
escape  from  the  stomach  probably  does  not  begin  till  from  one 
two,  and  lasts  from  four  to  five,  hours  after  the  meal,  becomii 
more  rapid  towards  the  end,  such  pieces  as  most  resist  the  gasti 
juice  being  the  last  to  leave  the  stomach. 

In  the  presence  of  healthy  gastric  juice,  and  in  the  absence 
any  nerv'ous  interference,  the  question  of   the  digestibility  of  ai 
food  is  determined  chiefly  by  mechanical  conditions.      The  mo; 
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I  the  material,  and  the  less  the  proteid  constituents  are 
lot  easily  soluble  envelopes,  such  as  those  of  cellulose,  the 
he  solution.  So  also  pieces  of  hard-boiled  egg,  which 
gradually  dissolved  from  the  outside,  are  less  easily 
L  the  more  friable  muscular  fibre,  the  repeated  transverse 
hich  increases  the  surface  exposed  to  the  juice.  Unboiled 
a^n,  unless  thoroughly  beaten  up  and  mixed  with  air, 
ible  than  the  s^me  Ix^iled.    The  unboiled  white  forms  a 

mass,  (A  low  diffusibility,  into  which  the  juice  permeates 
atest  diiSSculty.  And  so  with  other  instances.  Beyond 
cal  aspect  of  digestibility,  it  is  to  be  remembered  that 
itances  may  differently  affect  the  gastric  membrane,  pro- 
^kiug  the  secretion  of  the  juice.  Hence  a  substance,  the 
h  is  readily  dissolved  by  gastric  juice,  and  which  offers 
d  obstacles  to  digestion,  may  yet  prove  indigestible  by 
;he  gastric  membrane  through  some  special  constituent 
a  other  ways)  as  to  inhibit  the  secretion  of  the  juice, 
stances  can  he  absorbed  from  the  cavity  of  the  stomach 
ilation  is  proved  by  the  fact  that  food  when  introduced 
ry  largely  from  the  stomach  of  an  animal,  the  pylorus  of 
3n  ligatured.  But  we  cannot  speak  with  certainty  as  to 
in  ordinary  life  gastric  absorption  takes  place,  or  by 
dsm  it  is  carried  out.  The  presumption  is,  that  the 
ars  and  peptone  pass  by  osmosis  direct  into  the  capilla- 
ito  the  gastric  vems.  The  filtrate  of  chyme  taken  from 
L  full  digestion  contains  parapeptone,  but  scarcely  any 
om  this  it  may  fairly  be  inferred  that  the  peptone  has 
d. 
3t  of  swallowing,  no  inconsiderable  quantity  of  air  is 

into  tbe  stomach,  entangled  in  the  saliva,  or  in  the 
s  returned  in  eructations.  When  the  gas  of  eructation 
aed  directly  from  the  stomach  is  examined,  it  is  found 
iefly  of  nitrogen  and  carbonic  acid,  the  oxygen  of  the 
air  having  been  largely  absorded.     In  most  cases  the 

is  derived  by  simple  diffusion  from  the  blood,  or  from 
'  the  stomach,  which  similarly  take  up  the  oxygen.  In 
f  flatulency,  however,  it  may  arise  from  a  fermentative 
I  of  the  sugar  which  has  been  taken  as  such  in  food,  or 
an  produced  from  the  starch. 

er  case,  however,  hydrogen  ought  also  to  make  its  appear- 
C.H„0.  =  2  C.H.O,    (lactic    acid)  =  C^H,0,    (butyric    acid) 

whereas  hydrogen  has  only  been  found  in  the  small  in- 
16  dog.  Planer*  found  in  the  stomach  after  a  meat  diet  a 

of  gas  of  the  comi)Osition  CO  25*20,  N  68G8,  O  6*12, 
•bread,  CO'  32-91,  N  6G-30,  O  -79. 

ous  quantity  of  gas  which  is  discharged  through  the  mouth 
terical  flatulency,  even  on  a  perfectly  empty  stomach,  and 

^  Wien,  SitmngiberiehUf  xlh.  p.  807. 
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which  seems  to  consist  largely  of  carbonic  acid,  presents  diffioultiss  in 
way  of  explanation;  it  is  possible  that  it  may  be  simply  diffused  from  tiie 
blood. 

In  the  small  intestine^  the  semi-digested  acid  food^  or  diyme, 
as  it  passes  over  the  biliary  orifice,  causes  gushes'  of  bile,  and  at  the 
isame  time,  as  we  have  seen  (p.  216),  the  jpancreatic  juice,  wbidi 
flowed  freely  into  the  intestine  at  the  taking  of  the  meal,  is  secreted 
iagain  with  renewed  vigour,  when  the  gastric  digestion  is  completei 
These  two  alkaline  fluids  tend  to  neutralize  the  acidity  of  the  chymei 
but  the  contents  of  the  duodenum  do  not  become  distinctly  alkaline 
until  some  distance  from  the  pylorus  is  reached.  Even  in  the  Iowa 
part  of  the  ileum  the  chyme  may  be  acid*;  possibly  however  in sadi 
cases  it  has  been  reacidified.  The  conversion  of  starch  into  sugar, 
which  may  have  languished  in  the  stomach,  is  resumed  with  great 
activity  by  the  pancreatic  juice,  though  portions  of  undigested  stoidi 
may  be  found  in  the  large  intestine  and  even  at  times  in  the  fiaeceB. 

We  have  seen  that  the  pancreatic  juice  emulsifies  fats,  and  abo 
splits  them  into  their  respective  fatty  acids  and  glycerine,  and  that 
the  bile  is  able  to  a  certain  extent  to  saponify  the  free  fatty  adds. 
It  also  appears  that  the  slight  emulsifying  power  of  the  bile  is  mndi 
increased  by  the  presence  of  soaps;  and  as  a  matter  of  fact  the  bile 
and  pancreatic  juice  do  largely  emulsify  the  contents  of  the  small  in- 
testine, so  that  the  greyish  turbid  chyme  is  changed  into  a  creamy- 
looking  fluid,  which  has  been  called  chyle.  It  is  advisable  however 
to  reserve  this  name  for  the  contents  of  the  lacteals.  To  what  ext«it 
saponification  does  take  place  is  not  known.  Undoubtedly  soaps 
have  to  a  small  extent  been  found  both  in  portal  blood  and  in  the 
thoracic  duct  after  a  meal;  but  there  is  no  proof  that  any  large 
quantity  of  fat  is  introduced  in  this  form  into  the  circulation ;  on  the 
other  hand,  the  presence  of  neutral  fats,  both  in  portal  blood,  and 
especially  in  the  lacteals,  is  a  conspicuous  result  of  the  digestion  of 
fatty  matters ;  and  in  all  probability  saponification  in  the  intestine  is 
a  subsidiary  and  unimportant  process. 

Much  dispute  has  arisen  on  the  question,  how  far  the  presence 
either  of  the  bile  or  of  the  pancreatic  juice,  or  of  both,  in  the  intestine 
is  necessary  for  the  digestion  and  absorption  of  fatty  food.  That  the 
pancreatic  juice  does  produce  in  the  intestine  such  a  change  as 
favours  the  transference  of  neutral  fats  from  the  intestine  into  the 
lacteals  is  shewn  by  an  observation,  first  made  by  Bernard.  If* 
rabbit  be  killed  a  few  hours  after  taking  a  meal  rich  in  fat,  and  the 
abdomen  opened,  the  lacteals  running  in  the  mesentery  attached  to 
the  twelve  inches  or  so  of  duodenum  which  in  this  animal  intervene 
between  the  pylorus  and  the  opening  of  the  pancreatic  duct,  vM 
hardly  be  visible  to  the  naked  eye  on  account  of  their  transparency; 
whereas  below  the  orifice  of  the  duct  they  will  be  most  conspicuous, 
on  account  of  the  fat  which  they  contain.    Above  the  pancreatic  duct 

^  Losnitzcr,  Henlc  and  Meissncr's  Bericht,  1864,  p.  250. 
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contents  of  the  intestine  are  subject  to  the  action  of  the  bile,  yet 
J  little  absorption  of  fat  takes  place;  below  the  duct,  the 
I  is  aided  by  the  pancreatic  juice,  and  absorption  of  fat  at  once 
in&  Again,  in  disease  of  the  pancreas,  much  fatty  food  frequently 
968  through  the  intestine  undigested.  On  the  other  hand,  in  cases 
sre  all  the  pancreatic  ducts  have  been  ligatured,  and  tbere  has 
n  no  reason  to  think  that  pancreatic  juice  to  any  amount  has 
ered  the  intestine,  fat  may  be  present  in  the  lacteals.  In  such 
»  the  subsidiary  pancreatic  structures  existing  in  the  duodenal 
Is  cannot  be  seriously  supposed  to  have  any  effect,  and  in  con- 
nence  the  digestion  of  the  fat  must  be  referred  to  the  bile.  That 
bile  is  of  use  in  the  digestion  of  fat  is  shewn  by  the  prevalence  of 
ty  stools  in  cases  of  obstruction  of  the  bile-ducts,  ana  though  the 
oration  of  ligaturing  the  bile-ducts,  and  leading  all  the  bile  ex- 
oally  through  a  biliary  fistula,  is  open  to  objection,  since  it  so 
ttosts  the  animal  as  indirectly  to  affect  digestion,  still  the  results 
Bidder  and  Schmidt,  in  which  the  resorption  of  fat  was  distinctly 
lened  (the  quantity  of  fat  in  the  lacteals  falling  from  32  to  '02  p.  c.) 
the  ligature  and  fistula,  obviously  point  to  the  same  conclusion. 
M  while  the  view  that  the  bile  alone,  or  the  view  that  the  pancre- 
'juice  alone,  is  the  agent  in  the  digestion  of  fat,  is  contradicted  by 
^  the  conflicting  experiments  are  reconciled  in  the  conclusion  that 
b  help  towards  the  same  end,  the  one  agent  possibly  being  more 
fill  than  the  other  in  different  animals ;  a  conclusion  which  is  in 
mony  with  the  properties  of  the  juices,  as  seen  when  studied  out 
he  body,  and  which  is  supported  by  the  observation  of  Busch,  in  a 
>  where  the  duodenum  opened  on  the  surface  by  a  fistula  in  such 
iy  that  the  lower  part  of  the  intestine  could  be  kept  free  from  the 
^nts  of  the  upper  part  containing  the  bile  and  pancreatic  juice. 
s  introduced  into  tne  lower  part,  where  they  coidd  not  be  acted 
Q  either  by  the  bile  or  by  the  pancreatic  juice,  were  but  slightly 
sted.  The  succus  entericus,  or  any  other  alkaline  albuminous 
I,  may  have  slight  emulsifying  power,  but  insufficient  to  meet  the 
Is  of  the  economy. 

HTe  have  seen  that  bile,  when  added  to  a  digesting  mixture, 
ipitates  parapeptone.  The  chyme  as  it  issues  from  the  pylorus 
ains  undfigested  material  and  parapeptone  with  little  or  no  pep- 
.  We  should  expect  this  to  be  precipitated  by  the  bile ;  and  as  a 
ter  of  fact  we  find  the  inner  surface  of  the  small  intestine  coated 
a  granular  deposit,  quite  similar  to  the  precipitate  just  men- 
5d.  The  object  of  this  precipitation  is  at  present  unknown,  un- 
it be  to  hinder  the  too  rapid  passage  of  the  semi-digested  liquids 
g  the  intestine.  We  have  seen  that  bile,  while  it  stops  gastric 
stion,  favours  rather  than  hinders  the  pancreatic  digestion  of 
eida.  As  a  matter  of  fact,  since  the  contents  of  the  stomach 
hey  issue  from  the  pylorus  consist  very  largely  of  imdi^ted 
eids,  these  must  be  digested  by  the  pancreatic  juice,  with  or 
out  the  assistance  of  the  succus  entericus,  since  the  pepsin  of  the 

F.  P.  16 


242  CEANOES  OF  FOOD  IN  INTBSTINS.        [Bo«U 

gastric  juice  is  either  precipitated  by  the  bile,  or  rendeied  inert  Ir; 
the  increasing  alkalinity  of  the  intestinal  contents.  To  what  stM 
the  pancreatic  digestion  is  carried,  whether  peptone  is  chieflj 
formed,  and  when  formed  at  once  absorbed,  or  to  what  extent  tbe 
pancreatic  juice  in  the  body,  as  out  of  the  body,  carries  on  itsiroik 
m  the  more  destructive  form,  whereby  the  proteid  material  subjected 
to  it  is  broken  down  largely  into  leucin  and  tyrosin,  is  at  present  not 
exactly  known.  Leucin  and  tyrosin  are  found  in  ihe  intestinal  con- 
tents, and  are  therefore  formed  during  normal  digestion,  but  whether 
a  large  quantity  or  a  small  quantity  of  the  proteid  material  of  food 
is  thus  hurried  into  a*  crystalline  mrm  cannot  be  definitely  ststei 
Possibly  where  large  quantities  of  proteids  are  taken  at  a  meal,  tiie 
excess  is  at  once  got  rid  of  by  this  form  of  so-called  'luxus  consum]^ 
tion;'  and  possibly  also,  in  the  intestine  as  in  the  laboratory,  tlut 
pancreatic  digestion  of  proteids  in  excess  is  accompanied  by  a  con- 
siderable development  of  bacteria  and  other  organized  bodies,  whidi 
create  trouble  by  inducing  fermentative  changes  in  the  accompany- 
ing saccharine  constituents  of  the  chyme. 

That  fermentative  changes  do  occur  in  the  small  intestine  is  indicated 
by  the  fact  that  the  gas  present  there  does  contain  free  hydrogen.  Planer^ 
found  the  gas  from  the  small  intestine  of  a  dog  fed  on  a  meat  diet  to 
consist  of  CO'  401,  H  13-86,  N  45-52,  with  only  a  trace  of  oxygen.  Ini 
dog  fed  on  vegetable  diet  the  composition  of  the  gas  was  CO'  47-H 
H  48*69,  N  3-97.  Chyme  after  removal  from  the  intestine  continues  at  tbe 
temperature  of  the  body  to  produce  carbonic  acid  and  hydrogen  in  equal 
volumes.  As  was  stated  above  (p.  239),  during  butyric  add  fermentatum 
from  sugar,  carbonic  acid  and  hydrogen  are  involved  in  equal  voliune& 
These  facts  suggest  the  way  in  which  the  carbo-hydrate  constituents  of  food 
may  become  converted  into  fat,  for  by  this  butyric  acid  fermentation  tlia 
sugar  is  converted  into  a  member  of  the  fatty  acid  series;  and  it  ia  at  kait 
within  the  bounds  of  possibility  that,  by  fermentative  changes  of  some  aoct 
or  other,  the  lower  members  of  the  series  may  be  raised  to  the  higher.  Bat 
did  butyric  acid  fermentations  occur  largely  in  the  intestine  we  should  expect 
to  find  a  large  quantity  of  free  hydrogen  excreted  by  the  bowel  or  lungs,  i* 
a  matter  of  fact  it  is  excreted  in  small  quantities  only  or  not  at  all.  Heoc^ 
unless  wc  suppose  that  the  evolved  hydrogen  is  rapidly  brought  back  agaia 
into  a  state  of  combination,  we  must  regard  butyric  acid  fermentation  ai 
slight  and  unimportant.  Indeed  tho  quantity  of  gas  on  which  Plantf 
worked  was  small.  It  is  probable  however  that  a  considerable  quantitjn 
sugar  is  converted  by  fermentative  changes  into  lactic  acid,  since  this  add 
is  found  in  increasing  quantities  as  the  food  descends  the  intestine. 

Thus  during  its  transit  through  the  small  intestine,  by  the  actios 
of  tho  bile  and  pancreatic  juice  assisted  possibly  to  some  extent  lij 
the  succus  entericus,  the  proteids  are  largely  dissolved  and  converted 
into  peptone  and  other  products,  the  starch  is  changed  into  sugw; 
the  sugar  possibly  being  in  part  further  converted  into  lactic  aciJ| 
and  the  fats  are  largely  emulsified,  and  to  some  extent  saponified. 

1  Op.  ciu 
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liese  products,  as  they  are  formed,  pass  into  either  the  lacteals  or 
e  portal  blood-vessels,  so  that  the  contents  of  the  small  intestine, 
^  the  time  they  reach  the  ileo-csecal  valve,  are  largely  but  by  no 
ectns  wholly  deprived  of  their  nutritious  constituents.  As  far  as 
iter  is  concerned,  the  secretion  into  the  small  intestine  is  about 
ual  to  the  absorption  from  it,  so  that  the  intestinal  contents  at  the 
id  of  the  ileum,  though  much  more  broken  up^  are  about  as  fluid  as 
the  duodenum. 

In  the  large  intestine,  the  contents  become  once  more  distinctly 
id.  This,  however,  is  not  caused  by  any  acid  secretion  from  the 
ucous  membrane ;  the  reaction  of  the  intestinal  walls  in  the  largo 
I  in  the  small  intestine  is  alkaline.  It  must  therefore  arise  from 
nd  fermentations  going  on  in  the  contents  themselves ;  as  indeed  is 
lewn  by  the  composition  of  the  gases  which  make  their  appearance 
I  this  portion  of  the  alimentary  canaL  In  caruivora  the  contents  of 
lie  caecum  are  said  to  be  alk  aline  \  and  naturally  the  amount  of 
^rmentation  wiU  depend  largely  on  the  nature  of  the  food. 

Kuge'  found  the  gas  of  the  large  intestine,  collected  per  anum,  to  have 
he  following  composition : 


MiTAd  diet. 

Legnminons  diet. 

Meat  diet. 

CO*        40-54 

2105 

8-45 

N.           17-50 

18-96 

64-41 

CH,       19-77 

55-94 

26-45 

H.          22-22 

403 

•69 

SH,  a  trace  only. 

Of  the  particular  changes  which  take  place  in  the  large  intestine 
®  liave  no  definite  knowledge ;  but  it  is  exceedingly  probable  that 
"the  voluminous  csBCum  of  the  herbivora,  a  large  amount  of  digestion 
^  peculiar  kind  goes  on.  We  know  that  in  herbivora  a  consider- 
^*«  quantity  of  cellulose  disappears  in  passing  through  the  canal, 
^  even  in  man  some  is  probably  digested.  We  are  driven  to  suppose 
^t  this  cellulose  digestion  is  carried  on  in  the  large  intestine, 
Ptigh  we  know  nothing  of  the  nature  of  the  agency  by  which  it  is 
^cted.    The  other  digestive  changes  are  probably  of  a  fermentative 

Be  this  as  it  may,  whether  digestion,  properly  so  called,  is  all 
'fe  complete  at  the  ileo-cajcal  valve,  or  whether  important  changes 
^1  await  the  chyme  in  the  large  intestine,  the  chief  characteristic 
^he  work  done  in  the  colon  is  absorption.  By  the  abstraction  of 
^  the  soluble  constituents,  and  especially  by  the  withdrawal  of 
^ter,  the  liquid  chyme  becomes  as  it  approaches  the  rectum  con- 
^^ted  into  the  firm  solid  fseces,  and  the  colour  shifts  from  the  bright 
^^Uige,  which  the  grey  chyme  gradually  assumes  after  admixture  with 
}ile,  into  a  darker  and  dirtier  brown. 


1  Bernard,  Liquida  de  VOrganiitne. 
s  WUn.  SiUungtberichte,  1862,  p.  729, 
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In  the  &ce8  there  are  found  in  the  first  place  the  in^gestible 
and  undigested  constituents  of  the  meal :  shreds  of  ehistic  tissue, 
much  cellulose  from  vegetable,  and  some  connective  tissue  &oia 
animal  food,  fragments  of  disint^rated  muscular  fibre,  fat  ceUs,  and 
not  imfrequently  undigested  starch-corpuscles.  The  amount  of  each, 
must  of  course  vary  very  largely,  according  to  the  nature  of  the  fool, 
and  the  digestive  powers,  temporary  or  permanent,  of  the  individual- 
In  the  second  place,  to  these  must  be  added  substances,  not  introdaced 
as  food,  but  arising  as  part  of,  or  as  products  of,  the  digestive  secre- 
tions.  The  faeces  contain  a  ferment  similar  to  pepsin,  and  an  amy-* 
lolytic  ferment  similar  to  that  of  saliva  or  pancreatic  juice.  They 
also  contain  mucus  in  variable  amount,  sometimes  albumin,  choles- 
terin,  butyric  and  other  fatty  acids»  lime  and  magnesia  soaps,  AECiY^in- 
(a  non-nitrogenous  crystalline  body,  containing  sulphur,  obtained  bjr 
Marcet",  and  salts^  especially  those  of  magnesia.  Chohdic  acid  (ancl 
dyslysin)  are  found  in  very  small  quantities  only,  thus  indicating  that 
the  bile-salts  have  been  in  part  at  least  destroyed  (they  may  hare 
been  in  part  reabsorbed,  see  p.  223),  tlie  less  stable  taurochoUc  acil 
(of  the  dog)  disappearing  more  readily  than  the  glycocholic  add  (oT 
the  cow^.  The  fact  that  the  faeces  become  *  day-coloured'  whentha 
bile  is  cut  otT  from  the  intestine  shews  that  the  bile-pigment  is  at^ 
least  the  mother  of  the  faecal  pigment.  We  have  already  seen  that; 
during  artificial  pancreatic  digestion,  a  distinctly  faecal  odour  dae  \f> 
the  presence  of  iudol  is  generated:  and  the  fact  that  the  presence  oF 
Kaoteria,  or  other  similar  organisms,  is  essential  to  the  production  of 
this  Ixxly.  d^vs  not  preclude  the  possibility  of  it,  with  its  derivatives. 
King  the  clnef  cause  of  the  natural  odour  of  faeces,  for  undoubtedly 
Kiotoria  may  exist  thrvv.ighout  the  whole  length  of  the  intestinal 
canal.  At  the  same  time  it  is  quite  jv^ssible,  if  not  probable,  that^ 
sjvoirio  odoriiorous  substances  may  be  secreted  directly  from  th^ 
intestinal  wall,  especially  from  that  of  the  large  intestine. 


Siw  :>,    ARsoRmox  OF  THE  Pkoducts  of  DiGEsnox. 

AVo  h:uo  soon  tbnt  absorption  does,  or  at  least  may,  take  ^_ 
front  tho  s:or.'.;u']\     Wo  have   also  staled  that  a  large  absoipuon,-^ 
osjvoially  of  watoi ,  ixvurs  along  the  whole  large  intestine. 

Ab^ovpiou  fi\M.i  :lio  Inr^^  ir.:<;!i::no  after  injection  7>rr  anum  or  throogh-^ 
n  li>tuirt  has  Kvn  ol»sor\i\i  r.oi  owlr  in  the  cai^e  of  soluble  peptone  and 
suj:;u\  V\\\  ,iU.>  in  x\\m  of  stArch.  whito  of  oi^.  and  casein;  but  the  exict 
ohnn.o>  uiuuiv^^r.o  by  tl.o  \:\\\<t  provious  to  alisoiptioa  are  unknown'. 

Novortluloss  the  Inr^rost  .-.n.i  ir.ost  i.iip^rrant  part  of  the  digested 
inrtlrrinl  pnssos  away  from  iho  canal,  o.v.rir.g  the  transit  of  food  a]oD§ 
tho  ^ulall  intotino,  ivm-y  in:j  the  hvicals,  partly  into  the  po: 
\  <  N>oK 
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Digestion  being,  broadly  speaking,  the  conversron  of  non-diflRisible 
prot;«ids  and  starch  into  highly  diffusible  peptone  and  sugar,  and  the 
enftialsifying,  or  division  into  minute  particles,,  of  various  fats,  it  is 
oat;i:iral  to  suppose  that  the  diffusible  peptone  and  sugar  pass  by 
osEKicsis  into  the  blood-vessels,  and  that  the  emulsified  fats  pass  into 
the  lacteals.  That  the  great  mass  of  the  fat  which  enters  the  body 
frozici  the  intestine  does  pass  through  the  lacteals,  there  can  be  no 
doul)t;  and  there  can  be  but  little  doubt  that  a  considerable  quantity 
of  peptone  and  sugar  does  pass  into*  the  portal  blood.  But  we  are 
unfiLl}le  to  say  at  present  how  far  the  fat  in  its  difficult  passage  into 
the  lacteal  is  accompanied  by  soluble  peptone  and  sugar,  and  by  less 
diffixsible  forms  of  proteids  arising  as  subsidiary  products  of  proteo- 
lytio  digestion. 

Characters  of  Chyle.    In  a  fasting  animal  the  contents  of  the 
thor^unc  duct  are  clear  and  transparent;  shortly  after  a  meal  they 
become  milky  and  opaque,  the  change  being  entirely  due  to  a 
difference  in  the  quantity  of  the  fluid  brought  to  the  duct  by  the 
lacteals,  that  fluid  also  being,  as  seen  by  inspection  of  the  mesentery, 
traoaparent  during  fasting,  and  becoming  milky  and  opaque  after  a 
me&l,  especially  after  one  containing  much  fat.     The  contents  of  the 
thoT^acic  duct  therefore  after  a  nveal  may  be  taken  as  illustrative  of 
the    nature  of  the  chyle  present  in  the  lactealsj   though  strictly 
Bpcfitfeing  the  chyle  of  tho  thoracic  duct  is  mixed  with  lymph  coming 
fiona  the  rest  of  the  body.     During,  fasting  the  contents  of  the  lac- 
teals agree  in  their  general  character  with  lymph  obtained  from 
<rther  structures. 

.  ^I^e  contents  of  the  thoracic  duct  may  be  obtained  by  laying  bare  the 
jviction  of  the  subclavian  and  jugular  veins  and  introducing  a  cannula  into 
the  duct  as  it  enters  into  the  venous  system  at  that  point.  The  operation 
^  not  unattended  with  difficulties. 

Chyle  obtained  from  the  thoracic  duct,  after  a  meal,  is  a  white 

nulky-looking  fluid,  which  after  its  escape  coagulates,  forming  a  not 

^j^ry  firm  clot    The  nature  of  the  coa^ation  seems  to  be  exactly 

**J^  same  as  that  of  blood.     On  standing,  the  surface  of  the  clot 

^?[^mes  pink,  even  though  no  blood  be  artificially  mixed  with  the 

^'^yle  during  the  operation;  the  colour  is  due  to  immature  red 

^^T>uscles  proper  to  the  chyle.    Examined  microscopically,  the  chyle 

^naists  of  fibrin,  a  large  number  of  white  corpuscles,  a  small  number 

p»  developing  red  corpuscles,  an  abundance  of  oil-globules  of  various 

**^^  but  all  small,  and  a  quantity  of  finely  granular  material  fatty  in 

^ture,  the  so-called  'molecular  basis.'    Each  oil-globule  is  invested 

^^h  an  albuminous  envelope ;  this  may  be  dissolved  hj  the  aid  of 

^^lis,  whereupon  the  globules  run  together.    The  fibnn  and  white 

^^t^uscles  are  very  scanty  (and  the  red  corpuscles  entirely  absent)  in 

■y^ph  or  chyle  taken  from  peripheral  vessels;  but  they  increase  in 

^^^ntity  as  the  lymph  passes  through  the  lymphatic  glands. 

The  compo9ition  of  chyle  varies  considerably  not  only  in  different 
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animals  but  in  the  same  animal  at  different  time&  The  aver^ 
percentage  C'f  solids  may  perhaps  be  put  down  as  about  9,  that  of 
proteid  material  as  aK^ut  4  or  5.  and  that  of  £at  as  about  3  or  4,  the 
remainder  being  extractives  and  salts.  The  fats  occur  chiedy  in 
the  form  of  neutral  salts,  though  some  soaps  or  £attj  adds  aie 
present. 

The  percentage  cf  S'Dlid  matters  varr  in  the  different  analyses  from  3 
to  11.  of  pr.^teids  &om  .  lo  7.  of  fkis  ftom.  les  than  1  to  4  ^  The  protdds 
consist  chiedy  of  senim-aibTunin.  with  a  globulin  or  alkali-albumin  pRd- 
pitaKe  by  aoids,  and  a  TaH^ble  but  sn^  quar.ti'nr  of  £brin.  Among  tbe 
exTractires  have  l^een  found  sugar,  urea,  and  leucxn:  cholesterin  isaJsv 
frequently  present  in  cr-nsiderable  quantity.  Since  iheE«  extzactires  are 
found  in  IvniT-h  as  well  as  chvle  iLev  cannot  be  xeeard«d  as  deriTedex- 
clufively  frcni  the  intestinaJ  c:^ni«ntis.  The  amount  of  peptone  is  veiT  snull 
indeed.  The  gas  wLioli  can  c*  exnacioi  irc«ni  chyle  or  lymph  oonastt 
alnictst  entirely  of  carbc-nic  icid  ihere  l^ing  only  a  sznall  quantity  of  nitro- 
p:n.  and  no  satisfactory  evidenw  cf  ihe  rreaenoe  cf  any  five  oxygen  At  alL 
Hsmmarsten*  cl-iained  from  ihe  l'>?  vols,  c^"  lymph  of  the  dog  about  1*5 
^1-17  '  vclaw  nitiv'^n,  and  aroui  53  -r'''*??  vols,  carbonic  acid.  The 
a>h  is  reniAxkable  2:r  the  ar>uniance  of  s.>iinzn  chlc<riie  and  the  seantines 
of  pn.>?yhA:o5.  Irvrn  is  prftarnt  in  greater  quantity  than  can  be  aecounted 
fcr  1  y  the  pi>:«:nce  of  rei  ociY-usclas. 

TiiO  r-:»:i:re  c:  the  fit  i>  ?::t>Tos^i  t?  rarr  with  that  of  the  food, 
ut  ir.:?  Lis  n::  »:r.  o:r.»:,->iTt.y  sr.-'srz. 

T:.v  lytv.ti  t-ikin  :r::ii  the  i*::::  itirir^  fa&tfng  differs  chiefly 
frvTr.t  ".'::;i:  :s\k;r.  ;»::c  r  a  :::-:,»l-  in  the  nt::::  >:z.allrr  quantity  of  fet, 
thi  ::v.;r;^o.vn>  sr^v»::ir  \»r.:tc  o:rr.:>:l£^  w::h  verr  few  oil-dobules, 
av..i  :v.  :';-:  :»l::".;.>t  i  :■.:>•:  ;/:"*>t"-i.>e  .:  tr.v  m.lr-rular  basis.  Lymph  la 
f;*i<:  iik  Vr.v.i'.Y  <tv,*k:v,:.  :l:vvl  wi-vu^  its  rri  c-JTr-itsoles.  and  chvle  is 
.vv,-.vV.  r'  *  :»  vcrv  l.^r^:    :'.:A:it::T  ::  ::*.::vj::-:1t  iiviir-i  neutral  fat. 

1:  :.:is  >:-iV.  sv/.:v. ..■.:-.•/.  tl.A:  a  .: v. .■;::: "tt  -:-:u.\1  t:-  that  of  the  whole 
Vl.vvi  :v,".v  vc-isN  ::.r;".u';-.  t:.v  tr..'"rs*:::  iin  in  f4  hour?,  and  of  this  it 
is  s;::yv .>;■-.  :V.:.:  .'.*:\  v.:  ":.;/.:  .■^::v.£<  ir:7.:  ::»;•.;  tlr:-^h  the  lacieakanJ 
;V.i^   r. v.. ..•.:..•. :r  :r.  v.i  :":.i   ":»:cv  a:  lir^t:  rut  these-  calculations  aie 
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£ntrasvV  cf  lie  Chy>  into  tbe  Lacteala.    i  le  licieal  begins  as 

,^  /.-.'.S^V.r.w"  ,■:  ".  ..,-:vv*:;  '.•.-.■.•.•.':.;.:.:  >-:ii>:  Iviuc  in  :he  centre  of 
\\c  N . . ■ ,; s  ,'. \\ ,'.  o.  •- .V  A" : , •  i  '■•■.: : .  :  1 1  >r;. ,\1 . . r  lyui}" i :^::o  sptaoes  of  ih«J 
A..»v,.  .*.  :.N>..i*  :..\  ..:  :.  :.  ■::  *y«::.>  :•:!-  *  i— .  th:-  suhr/iucoa?  Inn- 
j^l  A-:..*  v..  \-.:>  :;\'..'.  v.;  :.,  :". ;  "..^;::..l  -.-.ss-l?  ^t■^l^^.  The  aJenoid 
'..vx;./  »-:  ;.  .^  s,  '.V..'.  .".  •.  ^  .•:•'-.:<  ;:  "..•.':«:r"xu:.u  is  rv  its  Ivmphatic 
Mv.As  ^v.  v,v:,v".  >»  .;;■.  ;.  .•  5v'*v..i  ■»-.■.".;  a:.:  t'.iv::5w  That  the  finely- 
*..\:,.a'.  :.*:  ...\>  '.v.»  ::\v.,  :':.,    v:.>.  , ..  ::.:'::^i  the  epithelial  enve- 

•  i  ^?.^t«  ...  *       0'    '•».>.-...:. 

*  '. :,     J.  V,     .-.^  ..N^  »■■•■    ■■•■    ';.'.«-v;.-\t:>.-- •-  .: -/..■:•■ "  r:  .'"  C.  Lni  a  f rtssnre  n 
TVO  ^  .\^,  v.,  •A...'*    «*•»  V.  w  .    .'.*•■,■'.>  .:•   S-^--i:^  -..i   ;.*i.<Trrn:zi»  aox^rdizi^  to  the 
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lope  of  the  villus,  into  the  adenoid  tissue,  and  so  i&to  the  lacteal 
ebamber,  is  certain,  but  much  discussion  has  arisen  as  to  the  exact 
mechanism  of  the  transit.  The  passage  is  probably  assisted  by  the 
movements  of  the  intestine,  though  even  in  the  contractions  of  strong 
peristaltic  movements  the  pressure  within  the  intestine  is  never  very 

Ct.  Of  more  obvious  use  is  the  contraction  of  the  villus  itself.  The 
^itudinal  muscular  fibre-cells,  in  contracting,  pull  dowin  the  villus 
OQ  itself;  the  contents  of  the  lacteal  chamber  are  thus  forced  into  the 
miderlying  lymphatic  plexus.  When  the  fibre-cells  relax,  the  empty 
lacteal  chamber  is  expanded;  the  chyle  cannot  flow  back  from  the 
lymphatic  channels,  by  reason  of  the  valves  present  in  them,  and  in 
consequence  the  lacteal  chamber  is  filled  from  the  substance  of  the 
yillu3,  and  thus  the  entrance  into  the  villus  of  material  from  the 
inteatine  is  facilitated.  The  villus  in  fact  acts  as  a  kind  of  muscular 
ittction-pump. 

-A^fter  a  meal  the  epithelium  cells  of  the  viUns  are  found  crowded  with 

&t       Since  the  striation  of  the  hyaline  border  of  the  cells  is  not  dne  te 

poresy  as  was  once  thongjit,  the  particles  must  Jiave  entered  into  the  •cells 

verjr  xunch  as  foreign  particles  enter  the  body  ef  an  amoeba.     The  epithe- 

Ham.  may  in  fact  be  said  to  eat  the  fat.     Since  the  (frequently)  branched 

and  protoplasmic  base  of  the  cell  is  in  intimate  connection  with  the  spaces 

cf  tl^e  adenoid  tissue  of  the  villus,  the  fat  could  more  readily  pass  from  the 

cell  in  this  direction  than  from  the  intestine  into  the  cell.     There  would 

thus  l)e  a  stream  of  fatty  particles  through  the  cell  from  without  inwards,  a 

■inaui  in  the  causation  of  which  the  cell  took  an  active  part.     In  fact, 

under  this  view,  absorption  by  the  cell  might  be  regarded  as  a  sort  of 

inverted  secretion,  the  cell  taking  much  material  from  the  chyme  and 

"^creting  it^  with  little  or  no  change,  into  the  villus.     The  observations  of 

^atiiey*  have  led  him  to  believe  that  the  fat  passes  not  through  but 

between  the  epithelium-cells,  being  taken  up  by  the  inter-epithelml  pro- 

^^^^^68  of  the  peculiar  epithelioid  cells  described  by  him,  the  epithelium-cells 

^einaelves  therefore  having  no  active  share  in  absorption.     It  is  difficult 

^^thig  view  however  to  explain  the  almost  unanimous  opinion  of  previous 

2^^^iTer8,  that  the  fat  may  be  seen  in  the  substance  of  the  cell  itself,  though 

J^^ttiey  argues  that  particles  of  fat  adhering  to  the  outside  of  the  cell  have 

■'^^Ji  erroneously  supposed  to  be  really  within  the  cells. 

Briicke'  observed  that  after  a  meal  of  milk,  the  contents  of  the  villus 

*^^r  death  were  loaded  with  a  granular  deposit  of  proteid  nature,  and  of  an 

f^d  reaction.     He  infers  from  this  that  together  with  the  fat  there  passes 

^V)  the  villus  a  quantity  of  the  proteid  material  of  food  in  the  form  of 

^^ali-albumin,  precipitable  by  weak  acids;  and  argues  from  this  and  other 

^ts  that  a  considerable  quantity  of  the  proteids  of  food  thus  obtains  en- 

^^iuioe  into  the  blood  without  suffering  the  change  into  peptone. 

Xoyementfl  of  the  Chyle,  Having  reached  the  lymphatic  channels 
the  onward  progress  of  the  chyle  is  determined  by  a  variety  of  cir- 
cumstances. Putting  aside  the  pumping  action  of  the  villi,  the  same 
events  which  cause  the  movement  of  the  lymph  generally,  also 

»  Proc.  Roy.  Soc,  xxii.  (1874)  293.  xxiv.  (1876)  241. 
*  Wien.  SiUung$beriehte,  xxx\'u.  llx. 
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further  the  flow  of  the  chyle;  and  these  are  briefly  as  follows.  la 
the  first  place,  the  widespread  presence  of  valves  in  the  lymphatic 
vessels  causes  every  pressure  exerted  on  the  tissues  in  which  they 
lie,  to  assist  in  the  propulsion  forward  of  the  lymph.    Hence  all 
muscular  movements  increase  the  flow.     If  a  cannula  be  inserted  ia 
one  of  the  larger  lymphatic  trunks  of  the  limb  of  a  dog,  the  discharge 
of  l}Tnph  from  the  cannula  will  be  more  distinctly  increased  by  move- 
ments,  even  passive   movements,   of  the  limb  than  by  anything" 
else.     In  addition  to  the  valves  along  the  course  of  the  vessels^ 
the  cmbouchcment  of  the  thoracic  duct  into  the  venous  system  is 
guarded  by  a  valve,  so  that  every  escape  oi  lymph  or  chyle  from  thft 
duct  into  the  veins  becomes  itself  a  help  to  the  flow.    In  the  second 
place,  considering  the  whole  lymphatic  system  as  a  set  of  branching' 
tubes  passing  from  the  extra-vascular  regions  just  outside  the  small 
arteries,  veins  and  capillaries,   to   the  large   venous  trunks,  it  is 
obvious  that  the  mean  pressure  of  the  blood  in  the  subclavian  vein, 
at  its  junction  with  the  jugular,  must  be  considerably  less  than  that 
of  the  lymph  in  the  lymphatic  spaces  around  the  small  blood-ves- 
sels, even  if  we  suppose  the  pressure  in  the  tissues  outside  the  small 
blood-vessels  to  be  distinctly  less  than  that  of  the   blood  within 
the  same  vessels.     In  other  words,  there  is  a  distinct  fall  of  pressure 
in  passing  from  the  beginning  to  the  end  of  the  lymphatics;  this  of 
course  would   alone  cause  a  continuous  flow.    Further,  this  flov 
caused  by  the  lowness  of  the  mean  venous  pressure  at  the  suh- 
clavian  will   be  assisted  at   every  respiratory  movement,  since  at 
every  inspiration  the  pressure  in  the  venous  trunks  becomes  nega- 
tive, and  thus  lymph  will  be  sucked  in  from  the  thoracic  duct,  while 
the  increase  of  pressure  in  the  great  veins  during  expiration  is  warded 
ofl"  from  the  duct  by  the  valve  at  its  opening.    In  the  third  place,  the 
flow  may  be  increased  by  rhythmical  contractions  of  the  muscular 
walls  of  the  lymphatics  themselves ;  but  this  is  doubtful,  since  it  is 
not  dear  whether  the  rhythmic  variations  seen  by  Heller*  in  the  me- 
sentery of  the  guinea-pig  were  active  or  simply  passive,  i.e,  caused  by 
the  rhythmic  peristaltic  action  of  the  intestine,  each  contraction  of  the 
intestine  filling  the  lymph-channels  more  fully.     Lastly,  it  is  quite 
open  for  us  to  suppose  that  just  as  osmosis  may  give  rise  to  incre^ised 
pressure  on  one  side  of  a  diftusion  septum,  so  the  diffusion  of  sub- 
stances from  the  intestines  into  the  lacteals,  or  from  the  tissues  into 
the  lympliatics,  may  be  itself  one  of  the  causes  of  the  flow  of  lymph. 
Wo  have  at  least,  under  all  circumstances,  one  or  other  of  these 
causes  at   work   promoting  a  continual   flow  from    the   lymphatic 
roots  to  the  great  veins.     We  have  no  very  satisfactoiy  evidence 
that  the  flow  of  lymph  is  in  any  way  directly  governed  by  the 
nervous  system. 

In  frogs  and  some  other  animals  the  centrii)etal  flow  of  lymph  from  the 
limbs  is  astiisted  by  rhythmically  pulsating  muscular  lymph-hearts. 

1  ChU  Med.  IVisi.  18G9,  p.  545. 
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The  obserrations  of  Paschutin^  and  Emminghaus'  failed  to  shew  any 
direct  connection  between  the  nervous  system  and  the  lympk-flow.    Sec- 
tion of  the  sciatic,  leading  to  arterial  dilation  and  consequent  increased 
pressure  in  the  capillaries  and  small  veins,  had  very  little  effect,  whereas 
ligature  of  the  veins  led  to  a  very  marked  increase.     Active  movements  of 
the  limb,  caused  by  stimulation  of  the  sciatic,  produced  no  greater  flow  than 
did  passive  movements.     Goltz^  has  recorded  an  interesting  observation, 
bearing  on  the  influence  of  the  nervous  system  on  absorption.     Of  two 
tnarized  frogs,  the  brain  and  spinal  cord  of  one  are  destroyed,  but  in  the 
oiher  are  left  intact      Both  animals  are  suspended  by  the  lower  jaw ; 
diloride  of  sodium  solution  (*75  per  cent.)  is  poured  into  the  dorsal  \jmr 
pbatio  sacs  of  both;  and  in  both  the  aorta  is  cut  across.     In  the  one  where 
the  nervous  system  is  intact,  absorption  from  the  lymphatic  sac  takes  place 
oopioiuly,  and  the  heart  pumps  out  large  quantities  of  fluid  by  the  aorta. 
In  the  other  absorption  does  not  occur;  the  heart,  though  beating,  remains 
vnpty,  and  the  skm  becomes  dry.     The  result  however  shews  i*ather  the 
influence  of  the  nervous  system  in  maintaining  the  tonicity  of  the  blood- 
^^nsels  and  keeping  up  the  connection  of  the  heart  with  the  peripheral 
^BiBels,  than  any  dbtinct  connection  between  absorption  proper  and  the 
MTToos  system.     When  the  nervous  system  is  destroyetl,  dilation  of  the 
^^chnic  vascular  area  causes  all  the  blood  to  remain  stagnant  in  the 
portal  vessels,  so  that  little  or  none  reaches  the  heart.     So  long  as  the 
ii^^f^oiis  system  is  still  intact  this  stagnation  does  not  occur,  and  the  blood 
'Bsches  the  heart;  as  the  blood  is  pumped  away  its  place  is  renewed  by  the 
vDBph,  supplied  by  the  fluid  in  the  sac,  and  thus  the  heart  may  be  made 
^  t  long  time  to  pump  away  the  fluid  poured  into  the  sac.     Still,  though 
^e  cannot  prove  any  direct  connection  between  the  nervous  system  and 
^^rption,  the  phenomena  of  disease  render  such  a  connection  at  least 
Probable. 

.    Thus  the  digested  contents  of  the  intestine  pass  into  the  blood 

®*ther  directly  by  the  portal  system  or  indirectly  by  means  of  the 

v'jxiphatics.     It  cannot  be  a  matter  of  indifference  which  course  is 

^^•^«u  by  the  particular  digestive  products;  for  in  the  latter  case, 

*J^®  J  pass  into  the  general  blood-current  with  only  such  changes  as 

^^J  may  undergo  in  the  lymphatic  system,  while  in  the  former  they 

^^  ^subjected  to  the  powerful  influences  of  the  liver  before  they  find 

^^ir  way  to  the  right  side  of  the  heart.    What  those  influences  arc 

^   shall  study  in  a  future  chapter. 

As  was  stated  above,  the  great  mass  of  tho  digested  (i.e. 
-?^Xalsified)  fat  passes  into  the  lacteals.  Since  however  the  portal 
P-^^cxi  during  digestion  contains  more  fat  than  the  general  venous 
EJ^od,  some  of  the  fats  must  pass  through  into  the  portal  capillaries. 

*•  *^ ^  nnrtjil  KlnnH    mnrpnvAP   rlnrincr  rlicrpaf.inn  nnnfmna  a  fimfl.11  Vint  nn- 


^  portal  blood,  moreover,  during  digestion  contains  a  small  but  ap- 


iuto  the  portal  blood  at  any  one  moment  might  be  small,  and  yet 


>  Lodwig's  Arbeiten,  1872,  p.  197.  *  Ibid.  1878,  p.  51. 

«  Pfliiger's  Archiv,  v.  (1872)  p.  63. 
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a  considerable  quantity  might  so  pass  during  the  hours  of  digestioi 
That  which  did  pass,  moreover,  mi^ht  be  immediately  converted  Ixd 
again  into  another  form  of  proteid ;  and  P168z  and  Gyeigyai^  htT 
shewn  that  peptone  injected  carefully  into  a  vein  disappears  firom  tli 
blood,  though  little  or  even  none  passes  out  by  the  kidney.  Bene 
the  failure  to  find  peptone  in  the  blood  is  an  insufficient  aignmei 
that  peptone  is  not  formed  during  natural  digestion.  IXd  tl 
peptone  pass  with  the  fats  into  the  chyle,  one  would  expect  to  fin 
it  in  the  thoracic  duct,  though  here  also  a  reconversion  into  nati^ 
proteid  might  befall  it  in  its  transit  through  the  lacteals.  '. 
must  therefore  be  left  uncertain  what  becomes  of  the  peptone  fonM 
during  digestion,  and  which  way  it  travels.  We  know,  however,  thi 
artificially-formed  peptone  is  available  for  nutrition ;  thus  Pldsz*  ai 
P16sz  and  Gyergyai^  found  that  dogs  fed  on  peptone  and  non-nitr 
genous  food  actually  put  on  flesh  and  gained  weight.  The  cbt 
contains  no  large  amount  of  sugar,  and  though  sugar  may  undooD 
edly  be  found  after  amylaceous  meals  in  the  portal  blood,  we  are  n 
at  present  in  a  position  to  say  whether  sugar  is  absorb^  chiefly  1 
the  portal  system  or  chiefly  by  the  lacteals,  still  less  can  we  dedi 
whether  all  or  even  a  large  part  of  the  carbo-hydrates  taken  as  h 
enter  the  blood  as  sugar,  or  whether  the  fermentative  changes  spoki 
of  above  are  carried  on  in  at  all  a  large  scale. 

When  a  solution  of  sugar  is  injected  into  an  empty  isolated  loop 
intestine  a  large  quantity  disappears,  without  the  contents  of  the  lo 
becoming  acid\  In  such  a  case  it  may  fairly  be  inferred  that  the  sagpr 
directly  absorbed  without  xmdergoing  any  change.  And  where  sugar 
introduced  in  large  quantities  into  the  alimentary  canal,  the  percentage 
sugar  in  the  blood  may  be  temporarily  increased;  to  such  an  extent  indc 
that  sugar  may  appear  in  the  urine  ^  But  neither  of  these  facts  prove  tl 
the  sugar  of  an  ordinary  meal,  passing  as  it  does  along  the  intestine  vj 
the  other  portions  of  the  food,  and  products  of  digestion,  and  appearing 
it  does  in  most  cases  in  comparatively  small  quantities  at  a  time  from  \ 
more  or  less  gradual  conversion  of  the  starch  of  the  meal,  is  similarlj  i 
sorbed  unchanged;  while  in  order  that  the  marked  acidity  of  the  contei 
of  the  lower  intestine  should  be  kept  up,  a  considerable  quantity  of  snj 
must  sufler  lactic  acid  fermentation,  if  the  acidity  be  due  as  stated  to  lie 
acid. 

Absorption  by  diffusion.  It  is  evident,  from  the  discussion  j« 
concluded,  that  simple  diffusion  is  far  from  explaining  the  whf 
transit  of  the  digested  food  from  the  intestine  into  the  blood.  Pa 
of  the  digestive  products,  viz.  the  fats,  are  not  diffusible,  and  with  t 
gard  to  the  diffusible  peptone  and  sugar,  it  is  uncertain  whether  thi 
pass  by  simple  diffusion  through  the  membrane  formed  by  the  ^ 
thelium  of  the  alimentary  mucous  membrane,  the  thin  capillary  waj 
and  the  adenoid  tissue  existing  between  the  epithelium  and  the  cap 

1  Pfliiger'fl  Archxv,  x,  (1876)  636.  »  Ihid,  ix.  (1874)  325.  *  Op.ciU 

*  Funke,  Lehrh.  6th  Aufl.  i.  p.  235. 

'  C.  Schmidt  and  y.  Becker  quoted  in  Fonke,  Op,  cit  p.  236. 
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whether  they  accompany  the  fats  and  enter  the  lacteals  by  a 
ich,  whatever  it  be,  is  not  one  of  simple  diffusion.  Moreover, 
t  that  unchanged  fat  makes  its  way  into  the  portal  blood, 
we  are  ignorant  of  the  mechanism  by  which  this  is  effected, 
:hat  the  entrance  of  material  directly  into  the  blood,  as  dis- 
led  from  its  passage  into  the  lacteals,  is  not  simply  a  matter 
sion.  Nevertheless,  it  must  not  be  supposed  that  the  great 
leral  property  of  diffusion  does  not  make  itself  felt  in  the  pro- 
absorption,  however  much  it  may,  in  the  case  of  various  sub- 
be  subordinated  and  held  in  check  by  more  potent  influences. 
18  passage  of  water  from  the  alimentary  cavity  into  the  blood, 
the  blood  into  the  alimentary  cavity,  and  the  behaviour  of 
inorganic  salts,  when  taken  as  food  or  medicine,  illustrate 
^y  the  influence  of  osmosis.  When  the  intestine  contains  a 
lantity  of  waterv  matter,  the  surplus  water  passes  by  diffusion 
\  blood,  just  as  it  passes  thi'ough  the  membrane  of  a  dialyser 
ood,  or  serous  fluid  on  the  one  side,  and  water  on  the  other, 
ui  albuminous  fluid  of  the  specific  gravity  of  blood-serum  is 
[  in  a  dialyser  to  water,  about  200  parts  of  water  pass  through 
mbrane  of  the  dialyser  from  the  water  into  the  albuminous 
r  every  one  part  oS  albumin  which  passes  from  the  fluid  into 
er.  Moreover,  in  the  living  body,  the  blood  in  the  mesenteric 
jr,  thus  diluted  by  diffusion  from  the  intestinal  contents,  is 
ally  being  replaced  by  fresh  blood  concentrated  by  its  passage 
.  the  skin,  lung,  or  kidney.  By  the  help  of  the  circulation  an 
inlimited  quantity  of  water  can  be  absorbed  from  the  alimen- 
laL 

3  a  matter  of  common  experience  that  such  inorganic  and 
salts  as  are  readily  diffusible,  pass  with  great  rapidity  into 
)d  (and  thus  into  the  urine)  when  taken  by  the  mouth ;  and 
idity  with  which  they  are  absorbed  is  in  large  measure  pro- 
ite  to  their  diffusibility.  Of  course,  coincident  with  this  pas- 
the  salt  from  the  intestine  into  the  blood,  there  is  a  proper- 
current  of  water  in  the  contrary  direction  from  the  blood  into 
jstine ;  but  this,  though  opposed  to,  is,  under  ordinary  circum- 
too  small  to  diminish  to  any  serious  extent  the  passage  of 
rom  the  intestine  into  the  blood,  of  which  we  spoke  Just  now, 
A  by  the  osmotic  influence  of  the  albuminous  constituents  of 
)d.  But,  under  certain  circumstances,  the  former  may  over- 
e  latter.  Thus,  when  a  concentrated  solution  of  a  highly  dif- 
salt,  such  as  magnesium  sulphate,  is  introduced  into  the  ali- 
T  canal,  the  flow  of  water  from  the  blood  into  the  intestine 
^nying  the  osmotic  transit  of  the  salt  from  the  intestine  into 
kI,  is  so  great  as  largely  to  exceed  the  current  in  the  contrary 
q;  and  the  intestine  becomes  filled  with  water  at  the  expense 
)lood.  This  is  probably  the  cause  of  the  purgative  action  of 
)8es  of  many  saline  matters.  And  even  tne  purgative  action 
\  dilute  solutions  may  be  explained  in  the  same  way,  since  in 
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the  case  of  some  salts  at  least  the  transit  of  wst^  as  compare 
transit  of  the  salt  is  relatively  more  rapid  with  yeiy  dilute  a 
than  with  more  concentrated  solutions.  Salts  such  as  these 
when  introduced  into  the  intestine,  produce  diarrhoea,  hm 
a  contrary  condition  when  injected  directly  into  the  bloc 
magnesium  sulphate,  with  its  higher  endosmotic  equivalent, 
purgative  in  its  action  than  sodium  chloride  with  its  lower  eqi 

Oar  knowledge  of  the  physiology  of  digestion  is  the  accomula 
of  many  labours,  some  dating  back  firom  rery  old  timea.  To  1 
Spallanzani,  Tiedemann  and  Gmelin,  Eberie  (who  first  obtained 
digestion  with  gastric  mucus  and  an  acid),  Prout,  Schwann  (who  fi 
duced  the  idea  of /Mjwtii',  though  Wasmann  first  obtained  it  in  a 
tively  pure  state),  Berzelias  and  other  chenusts^  we  owe  much.  T 
rations  of  Dr  Beaumont',  carried  on  bv  means  of  the  aoddenti 
fistula  of  Alexis  St  ^Martin,  not  only  added  largely  to  our  positii 
)odgi\  but  were  also  of  great  indirect  use  as  indicating  a  method  o 
gation  which  has  since  proved  so  fruitlaL  The  labours  of  Bk 
Schmidt'  and  FVeridis*  woe  of  great  vslue.  The  pablicatioQ  of  ] 
work  on  pancneatic  juice*  marked  a  dxstiifect  step  in  adhrance;  b 
greater  importance  was  the  same  illustrious  physiologisis  disooTa 
v^jUKwmotor  action  of  the  ^rmpathetic*  see  p.  179,  followed  up  as  thi 
Ludwig^s  demonstration'  of  the  seci>etorr  acdvity  of  the  chorda 
and  enlar^^^  as  this  has  been  in  turn,  as  w«Il  by  the  labours  d 
and  his  $chooL  as  by  those  of  Beroazd,  Eckhaid,  Wittich,  Hdda 
others  To  the  imponanoe  of  Hea»ifnhsin's  later  obsenations 
cUM  atfiMition  in  the  text.  Tlie  pcoc^  odSEied  by  Corrisart',  and ) 
by  Kcihne\  of  the  pffv>t«ohrtic  aciaon  of  the  pancreatic  juioe  open 
line  of  inquiry  of  gnns  i;2:|vctaaoe!.  which  is  as  yet  far  finom  1 
haus4«^ 

•  M^Cksr  *  J-vVir.  is;?*.  ^  *^ 

*  A?l.  "Wcijwxri^  W4^rx>«r  *  HatAaumrnKik.  ISA 
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5SUES  AND  MECHANISMS  OF  RESPIRATION. 


Iready  seen  (Introduction,  p.  3)  that  one  particular  item 
's  income,  viz.  oxygen,  is  peculiarly  associated  with  one 
tem  of  the  body^s  waste,  viz.  carbonic  acid,  the  means 
pplied  for  the  introduction  of  the  former  being  also  used 
ing  rid  of  the  latter.  Both  are  gases,  and  in  consequence 
of  the  one  as  well  as  the  egress  of  the  other  is  far  more 
5n  the  simple  physical  process  of  diffusion  than  any  on 
processes  carried  on  by  means  of  tissues.  Oxygen  passes 
r  into  the  blood  mainly  by  diffusion,  and  mainly  by  diffu- 
)m  the  blood  into  the  tissues ;  in  the  same  way  carbonic 
mainly  by  difiiision  from  the  tissues  into  the  blood,  and 
ood  into  the  air.  Whereas,  as  we  have  seen,  in  the  secre- 
digestive  juices  the  epithelium-cell  plays  an  all-important 
piration  the  entrance  of  oxygen  from  the  lungs  into  the 
from  the  blood  into  the  tissue,  and  the  passage  of  carbonic 
contrary  direction,  are  affected,  if  at  all,  in  a  wholly  sub- 
inner,  by  the  behaviour  of  the  pulmonary,  or  of  the  capil- 
ium.  What  we  have  to  deal  with  in  respiration  then  is 
h  the  vital  activities  of  any  particular  tissue,  as  the  various 
s  by  which  a  rapid  interchange  between  the  air  and  the 
ected,  the  means  by  which  the  blood  is  enabled  to  carry 
[  carbonic  acid  to  and  from  the  tissues,  and  the  manner  in 
several  tissues  take  oxygen  from  and  give  carbonic  acid 
»lood.  We  have  reasons  for  thinking  that  oxygen  can  be 
the  blood,  not  only  from  the  lungs,  but  also  from  the  skin, 
have  seen,  occasionally  from  the  alimentary  canal  also;  and 
id  certainly  passes  away  from  the  skin,  and  through  the 
retions,  as  well  as  by  the  lungs.  Still  the  lungs  are  so 
the  channel  of  the  interchange  of  gases  between  the  body 
,  that  in  dealing  at  the  present  with  respiration,  we  shall 
•selves  entirely  to  pulmonary  respiration,  leaving  the  con- 
3f  the  subsidiary  respiratory  processes  till  we  come  to  study 
Dus  of  which  they  respectively  form  part 
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Sec.  1.    The  Mechanics  of  Fulmokaby  BESPnuTioir. 

The  lungs  are  placed,  in  a  semi-distended  state,  in  tlie  ao^ti^ 
thorax,  the  cavity  of  which  they,  together  with  the  heart,  great bloo 
vessels  and  other  organs,  completely  fill.  By  the  contraction  of  oe 
tain  muscles  the  cavity  of  the  thorax  is  enlai^ed;  in  consequence  11 
pressure  of  the  air  within  the  lungs  becomes  less  than  that  of  the  i 
outside  the  body,  and  this  difference  of  pressure  causes  a  rush  of  i 
through  the  trachea  into  the  lungs  untu  an  equilibrium  of  presso 
is  established  between  the  air  inside  and  that  outside  the  lun] 
This  constitutes  inspiration.  Upon  the  relaxation  of  the  inspirato 
muscles  (the  muscles  whose  contraction  has  brought  about  t 
thoracic  expansion),  the  elasticity  of  the  chest-walls  and  lungs,  aid 
by  the  contraction  of  certain  muscles  and  other  circumstances,  cau 
the  chest  to  return  to  its  original  size  or  even  to  become  smaHi 
in  consequence  of  this  the  pressure  within  the  lungs  now  beoon 
greater  than  that  outside,  and  thus  air  rushes  out  ottixe  trachea  an 
equilibrium  is  once  more  established.  This  constitutes  expiratio 
the  inspiratory  and  expiratory  act  together  forming  a  respiradc 
The  fresh  air  introduced  into  the  upper  part  of  the  puhnona 

{)assagcs  by  the  in^iratory  movement  contains  more  oxygen  ai 
ess  carbonic  acid  than  the  old  air  previously  present  in-  the  lum 
By  diffusion  the  new  or  tidal  air,  as  it  is  frequently  called,  gives  up  i 
oxygen  to,  and  takes  carbonic  acid  from  the  old  or  staJtUmary  air,  ai 
thus  when  it  leaves  the  chest  in  expiration  has  been  the  means 
both  introducing  oxygen  into  the  chest  and  of  removing  carbon 
acid  from  it.  In  this  way,  by  the  ebb  and  flow  of  the  tidal  air,  ai 
by  diffusion  between  it  and  the  stationary  air,  the  air  in  the  lungs 
being  constantly  renewed  through  the  alternate  expansion  and  oa 
traction  of  the  chest. 

In  ordinary  respiration^  the  expansion  of  the  chest  never  reach 
its  maximum ;  by  more  forcible  muscular  contraction,  by  what 
called  laboured  inspiration,  an  additional  thoracic  expansion  can  I 
brought  about,  leading  to  the  inrush  of  a  certain  additional  quantil 
of  air  before  equilibrium  is  established.  This  additional  quantity : 
often  spoken  of  as  cortipl&niental  air.  In  the  same  way  in  ordinal 
respiration,  the  contraction  of  the  chest  never  reaches  its  maximos 
By  calling  into  use  additional  muscles,  by  a  laboured  expiration,  • 
additional  quantity  of  air,  the  so-called  reserve  or  supptem&iUal  ai 
may  be  driven  out.  But  even  after  the  most  forcible  expiration, 
considerable  quantity  of  air,  the  residual  air,  still  remains  in  tl 
lungs.  The  natural  condition  of  the  lungs  in  the  chest  is  in  fact  on 
of  partial  distension.  The  elastic  pulmonary  tissue  is  always  to 
certain  extent  on  the  stretch ;  it  is  always,  so  to  speak,  striving  i 
pull  asunder  the  pulmonary  from  the  parietal  pleura ;  but  this : 
cannot  do,  because  the  air  can  have  no  access  to  the  pleural  cayi^ 
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When  however  the  chest  ceases  to  be  air-tight,  when  by  a  puncture 
of  the  chest-wall  or  diaphragm,  air  is  introduced  into  the  pleural 
chamber,  the  elasticity  of  the  lungs  pulls  the  pulmonary  away  from 
the  piuietal  pleura,  and  the  lungs  collapse,  driving  out  by  the  windpipe 
a  considerable  quantity  of  the  residual  air.  Even  then,  however,  the 
lungs  are  not  completely  emptied,  some  air  still  remaining  in  the  air- 
oells  and  passages.  It  need  hardly  be  added  that  when  the  pleura  is 
punctured,  and  air  can  gain  free  admittance  from  the  exterior  into  the 
pleural  chamber,  the  eflfect  of  the  respiratory  movements  is  simply 
to  drive  air  in  and  out  of  that  chamber,  instead  of  in  and  out  of 
the  lung.  There  is  in  consequence  no  renewal  of  the  air  within  the 
lungs  under  those  circumstances. 

In  man  the  pressure  exerted  by  the  elasticity  of  the  lungs  alone  amounts 
o  aboat  5  mm.  of  mercury.  This  is  estimated  by  tying  a  manometer  into 
he  ^windpipe  of  a  dead  subject  and  observing  the  rise  of  mercury  which 
^oa  place  when  the  chest-waUs  are  punctured.  If  the  chest  be  forcibly 
ist^Qiided  beforehand,  a  much  larger  rise  of  the  mercury,  amounting  to 
0  ixun.  in  the  case  of  a  distension  corresponding  to  a  very  forcible  inspira- 
'^^  is  observed.  In  the  living  body  this  mechanical  elastic  force  of  the 
^^H  is  assisted  by  the  contraction  of  the  plain  muscular  fibres  of  the 
^^ix^ohi;  the  pressure  however  which  can  be  exerted  by  these  probably 
>c^  not  exceed  1  or  2  mm. 

A^hen  a  manometer  is  introduced  into  a  lateral  opening  of  the  windpipe 
A^o.  animal,  the  mercury  will  fall,  indicating  a  negative  pressure  as  it  is 
Uedy  during  inspiration,  and  rise,  indicating  a  positive  pressure,  during 
pu^tion,  the  former  or  negative  pressure  amotmting  to  about  3  mm.,  and 
B  lsM;ter  or  positive  pressure  to  2  mm.  of  mercury.  When  a  manometer 
fi^'^^  with  air-tight  closure  into  the  mouth,  or  better,  in  order  to  avoid 
e  Ruction-action  of  the  mouth,  into  one  nostril,  the  other  nostril  and  the 
)^^]i  being  closed,  and  efforts  of  inspiration  and  expiration  are  made,  the 
'i^c^^ry  falls  or  imdergoes  negative  pressure  with  inspiration,  and  rises,  or 
id^rx*goes  positive  pressure  during  expiration.  Donders  foimd  in  this  way 
&t  -^e  negative  pressure  of  a  strong  inspiratory  effort  varied  from  30  to 
^  txiTn.,  while  the  positive  pressure  of  a  strong  expiration  varied  from  62 
lOOmm. 

The  total  amount  of  air  which  can  be  given  out  by  the  most  forci- 
1®  expiration  following  upon  a  most  forcible  inspiration,  that  is,  the 
0^  of  the  complemental,  tidal  and  reserve  airs,  was  called  by 
lutchinson  "the  vital  capacity;"  "extreme  differential  capacity"  is  a 
*tter  phrase.  It  may  be  measured  by  a  modification  of  a  gas-meter 
^^  a  spirometer.  The  medium  vital  capacity  may  be  put  down  at 
J'-iOOO  ca  (200  to  250  cubic  inches). 

Independent  of  other  causes  of  variation,  Hutchinson  found  the  vital 
^^ptcity  to  be  decidedly  dependent  on  stature,  the  taller  persons  having  the 
E'^ter  capacity. 

Of  the  whole  measure  of  vital  capacity,  about  600  cc.  (30  c.  inch) 
^7  be  put  down  as  the  average  amount  of  tidal  air,  the  remainder 
being  nearly  equally  divided  between  the  complemental  and  reserve 
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airs.    The  quantity  left  in  tlie  lungs  after  the  deepest  expiration 
amounts  to  about  1400 — 2000  cc. 

Since  the  respiratory  movements  are  so  easily  affected  by  Tarions 
circumstances,  the  simple  fact  of  attention  being  directed  to  the  breathing 
being  sufEcient  to  cause  modifications,  both  of  the  rate  and  depth  of  the 
respiration,  it  becomes  very  difficidt  to  fix  the  Yolume  of  an  average  breath. 
Thus  various  authors  have  given  figures  varying  from  53c&  to  792  ca 
The  statement  made  above  is  that  given  by  Yieroidt  as  the  mean  of  obaei^ 
vations  varying  from  177  to  699  cc. 

The  Bhythm  of  Sespiration.  If  the  movements  of  the  column 
of  tidal  air,  or  the  movements  of  expansion  and  contraction,  or  the  fall 
and  rise  of  the  diaphragm,  be  registered,  some  such  curve  as  that 
represented  in  Fig.  38  is  obtained. 


Fio.  88.    Tracing  of  Thobacic  Besfhiatobt  Moveicevtb  OBTAnrsD  bt  xbajcb  of 
Mabey's  PKEuaioaBAPH.    (To  be  read  from  left  to  right.) 

A  whole  respiratory  phase  is  comprised  between  a  and  a;  inspiration,  during  whxeh 
the  lever  descends,  extending  from  a  to  6,  and  expiration  from  &  to  a.  Tb» 
undulations  at  c  are  caused  by  the  heart's  beat. 

The  movements  of  the  column  of  air  may  be  recorded  by  introdudiig  a 
T  piece  into  the  trachea,  one  cross  piece  being  left  open  or  oonnected 
with  a  piece  of  indianibber  tubing  open  at  the  end,  and  the  other  connected 
with  a  Mai'ey's  tambour  or  with  a  receiver  which  in  turn  is  oonnected 
with  a  tambour.  Fig.  39.  The  movements  of  the  column  of  air  in  the 
trachea  are  transmitted  to  the  tambour,  the  consequent  expanflions  and 
contractions  of  which  are  transmitted  by  means  of  a  lever  resting  on  it  to 
the  recording  drum.  The  movements  of  the  chest-walls  may  be  reoordad 
by  means  of  the  recording  stetliometer  of  Burden  Sanderson  \  Tins  con- 
sists of  a  rectangular  framework  constructed  of  two  rigid  puallel  ban  jdned 
at  right  angles  to  a  cross  piece.  The  free  ends  of  the  bars^  the  distanoe 
between  which  can  be  regulated  at  pleasure,  are  armed,  the  one  with  a 
tambour  the  other  simply  with  an  ivory  button.  The  tambour  also  bean  on 
the  metal  plate  of  its  membrane  (Fig.  23  m',  p.  117)  a  small  ivory  button 
(in  place  of  the  lever  shewn  in  Fig.  23).  When  it  is  desired  to  record  the 
changes  occurring  in  any  diameter  of  the  chest,  e.^.  an  antero-posterior 
diameter  from  a  point  in  the  back  to  a  point  in  the  sternum,  the  instmment 
is  made  to  encircle  the  chest  8omew])at  after  the  fashion  of  a  pair  of  calli- 
pers, the  ivoiy  button  at  one  free  end  being  placed  on  the  spine  of  a  verto- 

'"  »  ndh,  Phys.  Lah.  p.  291. 
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Fig.  89.    Appabatus  tob  TixiNa  Tbacivos  of  thi  IfofXMUin  or  zn 

Column  of  An  m  Bebpibatiox. 

The  recording  apparatus  Bhewn  is  the  ordinaiy  i^linder  remding  vpiptnlbm.  The 
cylinder  A  covered  ^dth  smoked  paper  is  by  means  of  the  frustkm-plaie  B  ]Nit  into 
revolution  by  the  spring  clock-work  in  C  regulated  by  Fouoaiilt*B  regoktor  D.  ^ 
means  of  the  screw  E,  the  cylinder  can  be  raised  or  lowered,  and  bj  means  of  tiit 
screw  F  its  speed  may  be  increased  or  diminished. 

The  tracheotomy  tube  t  fixed  in  the  trachea  of  an  animal  is  oowneffted  by  inSm- 
rubber  tubing  a  with  a  glass  T  piece  inserted  into  the  large  jar  G.  Krom  the  oilur 
end  of  the  T  piece  proceeds  a  second  piece  of  tubing  6,  the  end  of  wbieh  ean  be  ette 
closed  or  partially  obstructed  at  pleasure  by  means  of  the  screw  elamp  c.  From  the 
jar  proceeds  a  third  piece  of  tubing  <2,  connected  with  a  Marey's  tambour  m  (mi 
Fig.  28,  p..  117),.  the  lever  of  which  I  writes  on  the  recording  aorface.  When  tho  tabe 
h  is  open  the  animal  breathes  freely  through  this,  and  the  movements  in  the  sir  of 
G  and  consequently  in  the  tambour  are  slight.  On  closing  the  elamp  e,  the  immil 
breathes  only  tiie  air  contained  in  the  jar,  and  the  movements  of  the  lever  of  the 
tambour  become  consequently  much  more  marked. 

Below  the  lever  is  seen  a  small  time-marker  n  connected  with  an  eleetromagnet,  iki 
current  through  which  coming  from  a  battery  by  the  wires  x  and  y  ia  made  ana  bnkn 
by  a  clock- work  or  metronome. 

bra  behind  and  the  tambour  at  the  other  on  the  stemtun  in  front  in  tiN 
line  of  the  diameter  which  is  being  studied.     The  distance  between  the 
free  ends  of  the  instrument  being  carefully  adjusted  so  that'the  button  of 
the  tambour  presses  slightly  on  the  sternum,  any  variations  in  the  loigth  of 
the  diameter  in  question  will,  since  the  framework  of  the  tambour  is 
immobile,  give  rise  to  variations  of  pressure  within  the  tambour.    These 
variations  of  the  ''receiving"  tambour  as  it  is  called  are  conveyed  b^  ^ 
flexible  tube  containing  air  to  a  second  or  ''recording"  tambour  similar  to 
that  shewn  in  Fig.  23,  the  lever  of  which  records  the  variatioDS  on  ^ 
travelling  surface.     For  the  purpose  of  measuring  the  extent  of  the  nxyve^ 
ments  t£e  instrument  must  be  experimentally  graduated.     In  Mar^9 
pneumograph,  a  long  elastic  chamber  is  used  as  a  pectoral  girdle.    Whev- 
the  chest  expands,  the  girdle  is  elongated,  and  the  air  within  it  rarefiecU 
and  the  lever  of  the  tambour  connected  with  it  depressed;  and  conversely^ 
when  the  chest  contracts,  the  lever  is  elevated.      The  pneumograph 
Fick  is  somewhat  similar.      The  movements  of  the  diaphragm  may  h^* 
registered  by  means  of  a  needle,  which  is  thrust  through  ti^e  stemoiDi-* 
so  as  to  rest  on  the  diaphragm,  the  head  of  the  needle  being  oonnecteA- 
with  a  lever*. 


It  is  seen  that  in  Fig.  38  inspiration  begins  somewhat  saddeol} 
and  advances  rapidly,  that  expiration  succeeds  inspiration  immedi^ — 
ately,  advancing  at  first  rapidly,  but  afterwards  more  and  moreslowlj  ^^ 
and  that  such  pauses  as  are  seen  occur  between  the  end  of  expiratioc». 
and  the  beginning  of  inspiration.  In  normal  breathing,  haroly  an] 
pause  is  observed  between  the  extreme  end  of  expiration  and  thi 
beginning  of  inspiration,  but  in  cases  where  the  respiration  become 
infrequent,  pauses  of  considerable  length  may  be  observed. 

In  what  may  be  considered  as  normal  breathing,  the  respiratory 
act  is  repeated  about  17  times  a  minute;  and  the  duration  of  tlfc" 
inspiration  as  compared  with  that  of  the  expiration  and  such  paos 
as  exists  is  about  as  ten  to  twelve. 

^  See  JIdh,  Physiol  LaboraU  p.  295. 


hap.il]  •         RESPIRATION.  259 

Hie  rate  of  tHe  respiratory  rhythm  varies  very  largely,  and  in  this  as 
i  the  Yolume  it  is  very  difficult  to  fix  a  satisfactory  average.  While 
[utchinson  places  it  at  20  a  minute,  Yierordt  puts  it  at  11*9,  and  Funke 
;  13*5.  The  frequency  is  greater  in  children  than  in  adults,  but  rises 
jpain  somewhat  after  30  years  of  age.  Quetel'et  gives  the  rate  of  respirar 
on  of  newborn  infants  at  44 ;  from  1  to  5  years,  26,  from  25  to  30,  16, 
om  30  to  50,  18*1  per  minute.  The  rate  is  influenced  by  the  position  of 
le  body,  being  quicker  in  standing  than  in  lying,  and  in  lying  than  in 
tting.  Muscular  exertion  and  emotional  conditions  affeot  it  deeply.  In 
ct,  almost  every  event  which  occurs  in  the  body  may  influence  it.  We 
udl  have  to  consider  in  detail  hereafter  the  manner  in  which  this  infla- 
loe  is  brought  to  bear. 

When  the  ordinary  respiratory  movements  prove  insufficient  to 
ffect  the  necessary  changes  in  the  blood,  their  rhythm  and  character 
«oome  changed.  Normal  respiration  gives  place  to  laboured  respi- 
&tion,  and  this  in  turn  to  dyspnoea,  which,  unless  some  restorative 
svent  occurs,  terminates  in  asphyxia.  These  abnormal  conditions  we 
shall  study  more  fully  hereafter. 

The  Respiratory  Movements. 

"When  the  movements  of  the  chest  during  normal  breathing  are 
(ttched,  it  is  seen  that  during  respiration  an  enlargement  takes 
*o«  in  the  antero-posterior  diameter,  the  sternum  being  thrown 
'^^^urds,  and  at  the  same  time  moving  upward.  The  lateral  width 
"fclie  chest  is  also  increased!  The  vertical  increase  of  the  cavity  is 
«o  obvious  from  the  outside,  though  when  the  movements  of  the 
hragm  are  watched  by  means  of  an  inserted  needle,  the  upper 
^3ce  of  that  organ  is  seen  to  descend  at  each  inspiration,  the 
^  rior  walls  of  the  abdomen  bulging  out  at  the  same  time.  In  the 
le  human  subject,  the  movement  of  the  upper  part  of  the  chest 
ly  conspicuous,  the  breast  rising  and  falling  with  every  respira- 
in  the  male,  however,  the  movements  are  almost  entirely  con- 
to  the  lower  part  of  the  chest.  In  laboured  respiration  all 
of  the  chest  are  alternately  expanded  and  contracted,  the 
rising  and  falling  as  well  in  the  male  as  in  the  female, 
have  now  to  consider  these  several  movements  in  greater 
il,  and  to  study  the  means  by  which  they  are  carried  out. 

^KnspiratioiL     There  are  two  chief  means  by  which  the  chest  is 

^•Tffwi  in  normal  inspiration,  viz.  the  descent  of  the  diaphragm 
the  elevation  of  the  ribs.  The  former  causes  that  movement  in 
lower  part  of  the  chest  and  abdomen  so  characteristic  of  male 
thing,  which  is  called  diaphragmatic ;  the  latter  causes  the  move- 
t  of  the  upper  chest  characteristic  of  female  breathing,  which  is 

^^d  costal.    These  two  main  factors  are  assisted  by  less  important 

*-   subsidiary  events. 
"Xhe  descent  of  the  diaphragm  is  eflfected  by  means  of  the  con- 

^■^^on  of   its    muscular    fibres.    When    at  rest  the  diaphragm 
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E resents  a  convex  surface  to  the  thorax;  when  contracted  x't 
ecomes  much  flatter,  and  in  consequence  the  level  of  the  dierfc- 
floor  is  lowered,  the  vertical  diameter  of  the  chest  being  pro- 
portionately enlarged.  In  descending,  the  diaphragm  predes  onthe 
abdominal  viscera,  and  so  causes  a  projection  of  the  flaccid  abdo- 
minal walla  From  its  attachments  to  the  sternum  and  the  bb^ 
ribs,  the  diaphragm,  while  contracting,  naturally  tends  to  poll  tb^ 
sternum  and  the  upper  false  ribs  downwards  and  inwards^  and  the 
lower  false  ribs  upwards  and  inwards,  towards  the  lumbar  spine.  Itx 
normal  breathing,  this  tendency  produces  little  efiect,  beine  counter^ 
acted  by  the  accompanying  general  costal  elevation,  and  by  ceitairx 
special  muscles  to  be  mentioned  presently.  In  forced  inspiration- 
hoyrever,  and  especially  where  there  is  anv  obstruction  to  tho 
entrance  of  air  m  the  lungs,  the  lower  nbs  may  be  so  mucb 
drawn  in  by  the  contraction  of  the  diaphragm,  that  the  girth  of^ 
the  trunk  at  this  point  is  obviously  diminished. 

The  elevation  of  the  ribs  is  a  much  more  complex  matter  thatm 
the  descent  of  the  diaphragm.    If  we  examine  any  one  lib,  sudi  as 
the  fifth,  and  observe  that  while  it  moves  freely  on  its  vertebral  arti- 
dilation,  it  descends  when  in  the  position  of  rest  in  an  oUiquo 
direction  from  the  spine  to  the  sternum,  it  is  obvious  that  when  tho 
rib  is  raised,  its  sternal  attachment  must  not  only  be  carried  upward* 
but  also  thrown  forwards.    The  rib  may  in  fact  be  regarded  as  & 
radius,  moving  on  the  vertebral  articulation  as  a  centre,  and  causio^ 
the  sternal  attachment  to  describe  an  arc  of  a  circle  in  the  vertical 
plane  of  the  body ;  as  the  rib  is  carried  upwards  from  an  oblique  to 
a  more  horizontal  position,  the  sternal  attachment  must  of  neceasitT' 
be  carried  farther  away  in  front  of  the  spine.    Since  all  the  ribs  hav^ 
a  downward  slanting  direction,  they  must  all  tend,  when  rais  " 
towards  the   horizontal  position,   to  thrust  the    sternum  forward 
some  more  than  others  according  to  their  slope  and  length.    The 
elasticity  of  the  sternum  and  costal  cartilages,  together  with  th( 
articulation  of  the  sternum  to  the  clavicle  above,  permit  the  front 
surface  of  the  chest  to  be  thus  thrust  forwards  as  well  as  upwards       i 

when  the  ribs  are  raised.     By  this  action,  the  antero-postenor  dia 

meter  of  the  chest  is  enlarged. 

According  to  A.  Kansome,  the  forward  movement  of  the  upper  ribs  i 
so  great  that  it  can  only  be  accounted  for  by  a  concomitant  straighteniog'' 
the  ribs. 

Since  the  ribs  form  arches  which  increase  in  their  sweep  as  om 
proceeds  from  the  first  downwards  as  far  at  least  as  the  seventh,  it 
evident  that  when  a  lower  rib  such  as  the  fifth  is  elevated  so  ast 
occupy  or  to  approach  towards  the  position  of  the  one  above  i 
the   chest    at  that  level  will  become    wider    from    side    to  fldc^^ 
in   proportion   as   the   fifth  arch   is  wider  than  the  fourth.    Tho*- 
the  elevation  of  the  rib  increases  not  only  the  antero-posterior  but- 
also  the  transverse  diameter  of  the  chest.    Further,  on  accounts 
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Ate  ranstance  of  the  sternum,  the  angles  between  the  ribs  and 
»ir  cartilages  are,  in  the  elevation  of  the  ribs,  somewhat  opened 
b,  iknd  thus  wjgo  the  transverse  as  well  as  the  antero-posterior 
kmeter  ^omeiraEit  increased.  In  several  ways,  then,  the  elevation 
t;he  ribs  enlarges  the  dimensions  of  the  chest. 

The  ribs  are  raised  by  the  contraction  of  certain  muscles.  Of 
ese  the  external  intercostals  are  the  most  important  Sven  in  the 
se  of  two  isolated  ribs  such  as  the  fifth  and  sixth,  the  contraction 
t;he  external  intercostal  muscle  of  the  intervening  space  raises  the 
o  ribs,  thus  bringing  them  towards  the  position  in  which  the  fibres 
^he  muscle  have  the  shortest  length,  viz.  the  horizontal  one.  This 
-^vating  action  is  further  favoured  by  the  fact  that  the  first  rib  is 
moveable  than  the  second,  and  so  affords  a  comparatively  fixed 
for  the  action  of  the  muscles  between  the  two,  the  second  in 
supporting  the  third  and  so  on,  while  the  scaleni  muscles  in 
^  ition  serve  to  render  fixed,  or  to  raise,  the  first  two  ribs. 

So  that  in  normal  respiration,  the  act  begins  probably  by  a  con- 
cation  of  the  scalenL  Tne  first  two  ribs  being  thus  fixed,  the  con- 
cation  of  the  series  of  intercostal  muscles  acts  to  the  greatest  advan- 
r^  From  the  direction  and  attachments  of  their  fibres,  those 
•"^ions  of  the  internal  intercostal  muscles  which  lie  between  the 
K-xial  cartilages  of  the  upper  seven  ribs,  also  seem  calculated  to 
a«  the  ribs  by  their  contractions ;  and  direct  observation,  as  far  as 
S'CDes,  is  in  favour  of  their  possessing  such  an  action.  Whether  the 
t;  of  the  internal  intercostals  can  be  considered  as  elevators  of  the 
i^  is  more  than  doubtful 

Xn  the  well-known  model  invented  by  Bernoulli  and  adopted  by  Ham- 
9<«r,  consisting  of  two  rigid  bars,  representing  the  ribs,  moving  vertically 
Haeans  of  their  articulations  with  an  upright  representing  the  spine  and 
^i:^ected  at  their  fi'oe  ends  by  a  piece  representing  the  sternum,  it  is 
^oabtedly  true  that  stretched  elastic  bands  attached  to  the  bars  in  such 
^^y  as  to  represent  respectively  the  external  and  internal  intercostals, 
^  sloping  in  the  one  case  downwards  and  forwards  and  in  the  other 
^^wards  and  backwards,  do,  on  being  left  free  to  contract,  in  the  former 
'^  elevate  and  in  the  latter  depress  the  riba 

Such  a  model  however  does  not  fairly  represent  the  natural  conditions 
^lie  ribs,  which  are  not  straight  and  rigid,  but  peculiarly  curved  and  of 
T'ing  elasticity,  capable  moreover  of  rotation  on  their  own  axes,  and 
^^ixiff  their  movements  determined  by  the  characters  of  their  vertebral 
^oulations.  On  the  other  hand,  the  absence  of  the  external  muscles  in 
^^  and  the  internal  behind  seems  to  point  to  their  both  acting  towards 
^  ^lune  end,  and  the  experiments  of  Duchenne,  though  not  conclusive, 
>port  the  view  that  the  internal  act  as  elevators  along  their  whole  course. 
^^  mechanical  conditions  are  in  the  case  of  these  muscles  so  complex, 
^  ^e  deduction  of  their  actions  from  simple  mechanical  principles  so 
^^^edingly  difficult  and  dangerous,  and  the  want  of  direct  exact  empirical 
^^ledge  80  great,  that  it  must  at  present  be  left  an  open  question, 
hither  the  internal  intercostals,  or  at  least  certain  parts  of  them,  are 
^iistoiy  or  expiratory  or  in  a  certain  sense  neither.     Haller  msjj  V)^ 
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regarded  as  the  leader  of  those  who  r^ard  them  as  inspiratorf,  wHle 
Hamberger  was  the  first  who  successfully  advocated  the  perhaps  more 
commonly  adopted  view  that  those  parts  of  the  interoostals  which  He 
between  the  osseous  ribs  act  as  depressors,  and  miist  in  oonsequenoe  be 
regarded  as  expiratory. 

Next  in  importance  to  the  external  mtercostals  come  the  levatores 
costanim,  which,  thou^  small  muscles^  are  able,  from  the  nearness 
of  their  costal  insertions  to  the  fulcrum,  to  produce  considerable 
movement  of  the  sternal  ends  of  the  ribs.  The  external  interoostals 
and  the  levatores  co^tarum  with  the  scaleni  may  fairly  be  said  to  be 
the  elevators  of  the  .ribs,  %,e.  the  chief  muscles  of  costal  inspiration  in- 
normal  breathing. 

Additional  space;  in  the  transverse  diameter  is  afibvded  probably  bj  to 
rotation  of  the  ribs  on  an  antero-posierior  axis;  but  this  movement  is 
quite  subsidiary  and  unimportant.  When  the  chest  is  at  rest,  the  ribs  V9 
somewhat  inclined  with  their  lower  borders  directed  inwapds  as  wdl  as 
downwards.  When  they  are.  drawn  up  by  the  action  of  the  intercostal 
muscles,  their  lower  borders  are  everted.  Thus  their  £at  sides  are  pre- 
sented to  the  thoracic  cavity,  which  is  thereby  slightly  increased  in  width. 

Laboured  '  InspiratioiL  When  respiration  becomes  laboured, 
other  muscles  are  brought  into  ^lay.  The  scaleni  are  strongly 
contracted,  so  as  to  raise  or  at  least  give  a  very  fixed  support 
to  the  first  and  second  ribs.  In  the  same  way  the  senatns 
posticus  superior,  which  descends  from  the  fixed  spine  in  the  lower 
cervical  and  upper  dorsal  regions  to  the  second,  tnird,  fourth  and 
fifth  ribs,  by  its  contractions  raises  those  ribs.  In  laboured  breathing 
a  function  of  the  lower  false  ribs,  not  very  noticeable  in  easy  breath- 
ing, comes  into  play.  They  are  depressed,  retracted,  and  fixed,  there- 
by giving  increased  support  to  the  diaphragm,  and  directing  the 
whole  energies  of  that  muscle  to  the  vertical  enlargement  of  the 
chest.  In  this  way  the  serratus  posticus  inferior,  which  passes  upward 
from  the  lumbar  aponeurosis  to  the  last  four  ribs,  by  depressing  and 
fixing  those  ribs  becomes  an  adjuvant  inspiratory  muscle.  The 
quadratus  lumborum  and  lower  portions  of  the  sacro-lumbalis  may 
have  a  similar  function. 

All  these  muscles  may  come  into  action  even  in  breathing  which, 
deeper  than  usual,  can  hardly  perhaps  be  called  laboured.  When 
however  the  need  for  greater  inspiratory  efforts  becomes  urgent,  all 
the  muscles  which  can,  from  any  fixed  point,  act  in  enlarging  the 
chest,  come  into  play.  Thus  the  arms  and  shoulder  being  fixed,  the 
serratus  magnus  passing  from  the  scapula  to  the  middle  of  the  fW 
eight  or  nine  ribs,  the  pectoralis  minor  passing  from  the  coracoid  to 
the  front  parts  of  the  third,  fourth,  and  fifth  ribs,  the  pectoralis  major 
passing  from  the  humerus  to  the  costal  cartilages,  from  the  second  to 
the  sixth,  and  that  portion  of  the  latissimus  dorsi  which  passes  froBi 
the  humerus  to  the  last  three  ribs,  all  serve  to  elevate  the  ribs  and 
thus  to  enlarge  the  chest.    The  stemo-mastoid  and  other  musdes 
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Ag  from  the  neck  to  the  sternum,  acre  also  called  mto  action.  In 
every  muscle  which  by  its  contraction  can  either  elevate  the 
or  contribute  to  the  fixed  support  of  muscles  which  do  elevate 
ibs,  such  as  the  trapezius,  levator  anguli  scapulae  and  rhomboidei 
ung  the  scapula,  may,  in  the  inspiratory  effoits  which  iiccompany 
aoea,  be  brought  into  play. 


In  normal  easy  breathing,  expiration  is  in  the 
a  simple  effect  of  elastic  reaction.  By  the  inspiratory  effort  the 
LC  tissue  of  the  lungs  is  put  on  the  stretch;  so  long  as  the  inspira- 
muscles  continue  contracting,  the  tissue  remains  stretched,  but 
tly  those  muscles  relax,  the  elasticity  of  the  lungs  comes  into 
and  drives  out  a  portion  of  the  air  contained  in  them.  Similarly 
elastic  sternum  and  costal  cartilages  are  by  the  elevation  of  the 
put  on  the  stretch :  they  are  driven  into  a  position  whicli  is 
tural  to  them.  When  the  intercostal  and  other  elevator  muscles 
t  to  contract,  the  elasticity  of  the  sternum  and  costal  cartilages 
»  them  to  return  to  their  previous  position,  thus  depressing  the 
and  diminishing  the  dimensions  of  the  chest.  When  the  dia* 
;m  descends,  in  pushing  down  the  abdominal  viscera,  it  puts  the 
minal  walls  on  the  stretch ;  and  hence,  when  at  the  end  of  inspi- 
Q  the  diaphragm  relaxes,  the  abdominal  walls  return  to  their 
I.  and  by  pressing  on  the  abdominal  viscera,  push  the  diaphragm 
gain  into  its  position  of  rest.  Expiration  then  is,  in  the  main, 
To  elastic  reaction;  but  it  is  obvious  that  since  external  work 
t)een  effected  by  the  respiratory  act,  viz.  the  movement  of  the 
nn  of  air,  the  reaction  of  expiration  must  fall  short  of  the  action 
ispiration ;  there  must  be  some,  though  it  may  be  a  very  slight, 
tional  expenditure  of  energy  to  bring  the  chest  completely  to  its 
er  condition.  This  is,  as  we  have  seen,  supposed  by  many  to  be 
ded  by  the  internal  intercostals  acting  as  depressors  of  the  ribs, 
lese  do  not  act  in  this  way,  we  may  suppose  that  the  elastic 
m  of  the  abdominal  walls  is  accompanied  and  assisted  by  a  con- 
ion  of  the  abdominal  muscles.  The  triangularis  stemi,  the  effect 
hose  contraction  is  to  pull  down  the  costal  cartilages,  may  also 
igarded  as  an  expiratory  muscle. 

Vhen  expiration  becomes  laboured,  the  abdominal  muscles 
me  important  expiratory  agents.  By  pressing  on  the  contents 
le  abdomen,  they  thrust  them  and  the  diaphragm  up  into  the 
;,  the  vertical  diameter  of  which  is  thereby  lessened,  and  by  puU- 
lown  the  sternum  and  the  middle  and  lower  ribs  they  lessen  also 
cavity  of  the  chest  in  its  antero-posterior  and  transverse 
eters.  They  are  in  fact  the  chief  expiratory  muscles,  though 
are  doubtless  assisted  by  the  serratus  posticus  inferior  and 
ons  of  the  sacro-lumbalis,  since  when  the  aiaphragm  is  not  con- 
ing, the  depression  of  the  lower  ribs  which  the  contraction  of 
I  muscles  causes,  serves  only  to  narrow  the  chest.  As  expiration 
nes  more  and  more  forced,  every  muscle  in  the  body  which  can 
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either  by  contracting  depress  the  ribs,  or  press  on  the  abdomin&l 
viscera,  or  afford  fixed  support  to  muscles  having  those  actioiifl^  is 
called  into  play. 

Facial  and  I^uyngeal  Bespiration.   The  thoracic  respntiory 

movements  are  accompanied  by  associated  respiratory  movements  of  otiief 
parts  of  the  body,  more  particularly  of  the  £ace  and  of  the  glottisL 

In  normal  healthy  respiration  the  current  of  air  which  passes  in  and 
out  of  the  lungs,  travels,  not  through  the  mouth  but  through  the  nose^ 
viz.,  chiefly  through  the  lower  nasal  meatus.  The  ingoing  air,  by  ezpOBor^ 
to  the  vascular  mucous  membrane  of  the  narrow  and  winding  naal  pas^ 
sages,  is  more  efficiently  warmed  than  it  would  be  if  it  passed  through  th^ 
mouth;  and  at  the  same  time  the  mouth  is  thereby  protected  frouDi  th^ 
desiccating  effect  of  the  continual  inroad  of  comparatively  dry  air. 

During  each  inspiratory  effort  the  nostrils  are  ezpanded|  probably  by 
the  action  of  the  dilatores  nans,  and  thus  the  entrance  of  air  fiunlitatel- 
The  return  to  their  previous  condition  during  expiration  is  effected  hj  tho 
elasticity  of  the  nasal  cartilages,  assisted  perhaps  by  the  compressorea  nana* 
This  movement  of  the  nostrils,  perceptible  in  many  people,  even  daring 
tranquil  breathing,  becomes  very  obvious  in  laboured  respiration. 

When  the  mouth  is  closed,  the  soft  palate  which  is  held  somewbafe 
tense,  is  swayed  by  the  respiratory  current,  but  entirely  in  a  passive  maa" 
ner,  and  it  is  not  until  the  larynx  is  reached  by  the  ingoing  air  that  any" 
active  movements  are  met  with.     When  the  larynx  is  examined  with  ili9 
laryngoscope,  it  is  frequently  seen  that,  while  during  inspiratioa  the  ^ottte 
is  widely  open,  with  each  expiration  the  arytenoid  cartilages  approach  eada. 
other  so  as  to  narrow  the  glottis,  the  cartilages  of  Santorini  projecting  in- 
wards at  the  same  time.     Thus,  synchronous  with  the  respiratory  expaa— 
sion  and  contraction  of  the  chest,  and  the  respiratory  elevation  and  depresr- 
sion  of  the  alte  nasi,  there  is  a  rhythmic  widening  and  narrowing  of  th0 
glottis.     Like  the  movements  of  the  nostril,  this  respiratory  action  of  the 
glottis  is  much  more  evident  in  laboured  than  in  tranquil  breathing.  Indeed 
in  the  latter  case  it  is  frequently  absent.     The  manner  in  which  this 
rhythmic  opening  and  narrowing  is  effected  will  be  described  when  v0 
come  to  study  the  production  of  the  voice.     Whether  there  exists  a  ihyth- 
mic  cent  motion  and  expansion  of  the  trachea  and  bronchial  passages  effected 
by  uieiinH  of  the  plain  muscular  tissue  of  those  organs  and  synchronous  with 
the  respiratory  movements  of  the  chesty  is  imcert£un\ 


Sec.  2.    Changes  of  the  Air  in  Respieation. 

During  its  stay  in  the  lungs,  or  rather  during  its  stay  in  the 
bronchial  p\«sages,  the  tidal  air  (by  means  of  diffusion  chiefly)  effects 
oxrhangos  ^vith  the  stationary  air;  in  consequence  the  expired  air 
iliffors  from  inspired  air  in  several  important  particulars. 

1.  The  toin{vmture  of  expired  air  is  variable,  but  under  ordinsiy 
oircunistanoos  is  higher  than  that  of  the  inspired  air.  At  an  ayerage 
touiporatuiv  of  the  atmosphere,  for  instance  at  about  20'C.,  the 

1  CI.  llonrath,  rflttger*8  Archiv,  xiii.  (1876)  p.  506. 


3hap.  n.]  RESPIRATION.  265 

dmperature  of  expired  air  is,  in  the  mouth  33'9^  in  the  nose  35'3\ 
^li.en  the  external  temperature  is  low,  that  of  the  expired  air 
itk^  somewhat,  hut  not  to  any  great  extent,  thus  at  —  6'3*^C.  it  is 
^fi*C.  When  the  external  temperature  is  high,  the  expired  air 
A.V  become  cooler  than  the  inspired,  thus  at  41*9^  it  was  found  by 
EU<ntin  to  be  38'!^  The  exact  temperature  in  fact  depends  on  the 
Icktive  temperatures  of  the  blood  and  inspired  air,  and  on  the  depth 
Ld  rate  of  breathing. 

2.  The  expired  air  is  loaded  with  aqueous  vapour.  The  point  of 
b^aration  of  any  gas,  that  is,  the  utmost  quantity  of  water  which  any 
T^^n  volume  of  gas  can  take  up  as  aqueous  vapour,  varies  with  the 
temperature,  being  higher  with  the  higher  temperature.  For  its  own 
perature  expired  air  is  according  to  most  observers  saturated 
h  aqueous  vapour.  According  to  Edward  Smith  it  is,  when 
rt^lng,  only  half  saturated. 

S.  When  the  total  quantity  of  tidal  air  given  out  at  any  expira- 
is  compared  with  that  taken  in  at  the  corresponding  inspiration, 
found  that,  both  being  dried  and  measured  at  the  same  pressure, 
s  expired  air  is  less  in  volume  than  the  inspired  air,  the  difference 
fcoimting  to  about  ^th  or  ^th  of  the  volume  of  the  latter.  Hence, 
^^n  an  animal  is  made  to  breathe  in  a  confined  space,  the  atmosphere 
>1)6olutelv  diminished,  as  was  observed  so  long  ago  as  1G74  by 
ow.  The  approximate  equivalence  in  volume  between  inspirea 
expired  air  arises  from  the  fact  that  the  volume  of  any  given 
icuitity  of  carbonic  acid  is  equal  to  the  volume  of  the  oxygen  con- 
iQc^ed  to  produce  it ;  the  slight  falling  short  of  the  expired  air  is  due 
>  "the  circumstance  that  all  the  oxygen  inspired  does  not  reappear  in 
^  carbonic  acid  expired,  some  having  formed  other  combinations. 

4.  The  expired  air  contains  about  4  or  5  p.  c.  less  oxygen,  and 
^f^i  4  p.  c.  more  carbonic  acid  than  the  inspired  air,  the  quantity  of 
i^trogen  suffering  but  little  change.    Thus 

oxygen.  nitrogen.       oarbonio  add. 

Inspired  air  contains  2081  7915  04 

Expired  „        „  16033  79-557        4380. 

The  quantity  of  nitrogen  in  the  expired  air  is  sometimes  found  to 
be  greater,  as  in  the  table  above,  but  sometimes  less,  than  that  of  the 
inspired  air. 

W.  Edwards  thought  that  nitrogen  was  absorbed  in  cold,  and  thrown 
OQt  in  warm  weather.  W.  Mliller  observed  that  in  an  atmosphere  consist- 
ing entirely  of  nitrogen,  an  absorption,  and  in  one  devoid  of  nitrogen  or 
oootaining  little  nitrogen,  an  escape  of  nitrogen  took  place;  a  result  which 
i{^)ears  probable. 

In  a  single  breath  the  air  is  richer  in  carbonic  acid  (and  poorer  in 
ixygeD),  at  Uie  end  than  at  the  beginning.  Hence  the  longer  the  breath  is 
leldy  the  greater  the  pause  between  inspiration  and  expiration,  the  higher 
he  percentage  of  carbonic  acid  in  the  expired  air.    Thus  Becher  found 
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that  hj  increasing  the  panse  finm  0  to  100  aeeonday  ilie  peroent^e  ins 
raiscil  from  3*0  to  7*5.  The  rate  of  increaae  however  oontinually  dimi- 
uisht's,  bolug  givacoat  at  the  b^inning  of  the  period. 

When  the  rate  of  breathing  remains  the  same,  bj  increasing  the  depili 
of  tlio  breathing  the  percentage  of  carbonic  acid  in  edck  breath  is  lowered, 
but  the  total  quantity  of  carbonic  acid  expired  in  a  given  time  is  increuei 
Similarly,  when  the  depth  of  breath  remains  the  same,  by  quickening  the 
rate  the  percentage  of  carbonic  acid  in  each  breath  is  lowered,  bat  the 
quantity  expirod  in  a  given  time  is  increased. 

The  ^'ariations  in  both  the  consumption  of  oxygen  and  prodaction  d 
carliouio  acid,  due  to  variations  in  pressure,  wiU  be  considered  in  oonneo- 
tion  with  the  respiratory  changes  of  blood. 

Taking,  as  we  have  done,  at  500  c.a  the  amount  of  tidsl  «r 
(vissing  ill  auil  out  of  the  chest  of  an  average  man,  such  a  person  irill 
expiro  aK>ut  .2  o.c.  of  carbonic  acid  at  each  breath ;  this,  reckoning 
the  rate  of  breathing  at  17  a  minute,  would  give  over  500  litres  of 
carbonic  acid  for  the  day's  production.    By  actual  experiment,  how- 
ever, Pottonkofor  and  Voit,  of  whose  researches  we  shall  have  to  speak 
horoiitter,  dotenuineil  the  total  dailv  excretion  of  carbonic  acid  in  an 
avonige  man  to  be  81K)  grmSw,  ue.  rather  more  than  400  litres  (406), 
cvnttaitiitii:  218*1  gnus,  carbon,  and  581*9  grms.  oxygen,  the  oxjgea 
aotually  ivusunuxl  at  the  some  time  being  about  TOOgrma.    This 
atnoiiut  repre;>onts  the  gases  given  out  and  taken  in,  not  by  the  lungs 
oiilv.  but  bv  the  whole  bodv:  but  the  amount  of  carbonic  addsiven 
our  by  the  skin  is  as  we  shall  see,  very  sHght  ^10  grms^  or  even  less), 
sv»  that  8lK>  grms.  may  be  taken  as  the  average  production  of  carbonic 
aoid  by  au  avt'nige  lucm.     The  quantity  however,  both  of  oxygen  oou" 
suuK\l  aiul  ot  carlvuio  acid  given  out.  is  subject  to  very  wide  variar- 
tious,  thus  iu  IVttoLikoter  and  Voit*s  observations,  the  daily  quantity 
of  v'iwlvuio  acid  varievl  fn.^m  t»6d  to  liSo  gnus.,  and  that  of  the  oxygett- 
t'i\>iu  J»l>4  to  lOTi  irrmsw     These  variatious  and  their  causes  will  bi3 
disv*ussi\l  wliou  we  oouio  to  deal  with  iLe  problems  of  nutrition. 


Tbo  *.!ua!».:icv  of  v-Hrbomo  aoL.l  productHi  and  oxvgen  consumed  h 
iu  i'ui!i  ti\»i»v  bii-ui  v.i»  CO  iiKm:  tbircy  years  aad  after  that  diminishes  Ie»- 
tlio  tviti.i'v\  liio  «.;*.:;iv.:icy.  always  leiss  rhazi  tliac  of  nnuu  increases  up  t9 
(>ulvic\«  ivi^Mi'-'s  t^iuri.'.^  sIjLt»  uieussruiu  life  as  a  standscilL  and  after  tlu^ 

\     IVs.J.v's  vm:Iv:v.o  av.4«.i.  e.xpinf.i  air  contains  various  impurities^ 
»v.i^»*\  of  .IV.  i:!ixM-.nv.i  Vviciirv,  aiiu  jlII  La  siojul  amounts^     Ammonia 
Im>  Iwri  vlc'.ccuv.  '-:i  cxj-uao.  air.  evta  in  ciiac  taken  directly  from- 
I'.jo  ii.u-iuM.  ••.I  wlv.cii  c.u<*  '.ts  vrvsi-'ticf  cccl'i  not  be  due  to  decom- 
^\\v!!tx    K^'»i    i-.*'.^vi'*'.;    \'x   U'.o   ULioJ.i:^.      According   to   Lossen,  th* 
.ri\Mi*i-.    ;'\v.v  s';t  •••  -.'iv/TMiA"  n:st.':ri::or:  ia.  i-fc  iiotirs  is  "014  gnn. 
\N  '  u- 1 1  I :  N'  V*  \ '  • :  •  o*  I  .i '.  V  is  V.V  i ! -io  u s<.>.i.  b  y  bt'  i '.:;;  co n  vey  ed  into  a  cooled 
i\w :  u' I .  '.  ■ '  o  I. ; . ; 0* ' ;.:  >>  vi  '.•vl  .'.c ^  '  s  */».•  a  :i«i  : c  c*j  c  :iULii  o rganio  matter.  anJ 
i:ij»v.l!\  u»  i».i';vf\.     l'*'o  ci"\;-iii-.c  >!ibs>f.iao^s  :h'j:<  ^hewu  to  be  pre«ni 
lu  i!io  o\y:'v«'  .iv  .iiv  uic  ca.usc  vjl  vai*':  :i  :a',»  odcur  of  breath.    Itw 
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3able  that  many  of  them  are  of  a  poisonous  nature;  for  an 
osphere  containing  simply  1  p.  c.  of  carbonic  acid  (with  a  cor- 
K)DdiDg  diminution  of  oxygen)  has  very  little  effect  on  the 
nal  economy,  whereas  an  atmosphere  in  which  the  carbonic  acid 

been  raised  to  1  p.  c.  by  breathing,  is  highly  injurious.  In  fact) 
rendered  so  far  impure  by  breathing  that  the  carbonic  acid  amounts 
)8  p.  c.  is  distinctly  unwholesome,  not  so  much  on  account  of  the 
)ODic  acid,  as  of  the  accompanying  impurities.    Since  these  impuri- 

are  of  unknown  nature  and  cannot  be  estimated,  the  easily 
irmined  carbonic  acid  is  usually  taken  as  the  measure  of  their 
)ence.    We  have  seen  that  the  average  man  loads,  at  each  breath, 

CO.  of  air  with  carbonic  acid  to  the  extent  of  4  p.  a  He  will 
>rdingly  at  each  breath  load  2  litres  to  the  extent  of  1  p.c;  and 
)ne  hour,  if  he  breathe  17  times  a  minute,  will  load  rather  more 
1  2000  litres  to  the  same  extent.  At  the  very  least  then  a  man 
ht  to  be  supplied  with  this  quantity  of  air  hourly;  and  if  the 
is  to  be  kept  fairly  wholesome,  that  is  with  the  carbonic  acid 
iced  to  *1  p.  c.,  he  should  have  ten  times  as  much. 


Sec.  3.    The  Respiratory  Changes  in  the  Blood. 

While  the  air  in  passing  in  and  out  of  the  lungs  is  thus  robbed  of 
ortion  of  its  oxygen,  and  loaded  with  a  certain  quantity  of 
K)mc  acid,  the  blood  as  it  streams  along  the  pulmonary  capil- 
38  undergoes  important  correlative  changes.  As  it  leaves  the 
t  ventricle  it  is  venous  blood  of  a  dark  purple  or  maroon  colour ; 
n  it  falls  into  the  left  auricle,  it  is  arterial  blood  of  a  bright 
let  hue.  In  passing  through  the  capillaries  of  the  body  from  the 
to  the  right  side  of  the  heart,  it  is  again  changed  from  the  arterial 
be  venous  condition.  We  have  to  inquire.  What  are  the  essential 
irences  between  arterial  and  venous  blood,  by  what  means  is  the 
>us  blood  changed  into  arterial  in  the  lungs,  and  the  arterial  into 
)us  in  the  rest  of  the  body,  and  what  relations  do  these  changes 
he  blood  bear  to  the  changes  in  ^he  air  which  we  have  already 
lied? 

The  facts^  that  venous  blood  at  once  becomes  arterial  on  being 
)8ed  to  or  shaken  up  with  air  or  oxygen,  and  that  arterial  blood 
)mes  venous  when  kept  for  some  little  time  in  a  closed  vessel, 
vhen  submitted  to  a  cuiTcnt  of  some  indifferent  gas  such  as 
3gen  or  hydrogen,  prepare  us  for  the  statement  that  the  funda- 
ital  difference  between  venous  and  arterial  blood  is  in  the  relative 
)ortion  of  the  oxygen  and  carbonic  acid  gases  contained  in  each, 
n  both,  a  certain  quantity  of  gas  can  be  extracted  by  means 
;h  do  not  otherwise  materially  alter  the  constitution  of  the 
d;  and  this  gas  when  obtained  from  arterial  blood  is  found  to 
ain  more  oxygen  and  less  carbonic  acid  than  that  obtained 
I  venous  blood.     This  is  the  real  differential  character  of  the 
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two  bloods;  all  other  differences  are  either,  as  we  shall  see  to  be  the 
case  with  the  colour,  dependent  on  this,  or  are  unimportant  and 
fluctuating. 

If  the  quantity  of  gas  which  can  be  extracted  by  the  mercurial 
air-pump  from  100  vols,  of  blood  be  measured  at  0*  C,  and  a 
pressure  of  760  mm.,  it  is  found  to  amount,  in  round  numbers,  to  60 
vols/ 

The  vacuum  produced  by  the  ordinary  mechanical  air-pump  is  iosnf- 
ficient  to  extract  all  the  gas  from  blood.     Hence  it  becomes  neoessaiy  to 
use  either  a  large  Torricellian  vacuum  or  a  SprengePs  pump.     In  the  former 
(Fig.  40)  case  two  large  globes  of  glass,  one  fixed  and  the  other  moveable 
connected   by  a  flexible  tube;    the  fixed  globe  is  made  to  communicate 
by  means  of  air-tight  stopcocks  alternately  with  a  receiver  containing  the 
blood,  and  with  a  receiver  to  collect  the  gas.     When  the  moveable  globe 
filled  with  mercury  is  raised  above  the  fixed  one,  the  mercory  from  the 
former  runs  into  and  completely  fills  the  latter,  the  air  previously  present 
being  driven  out.     After  adjusting  the  cocks,  the  moveable  globe  is  then 
depressed  thirty  inches  below  the  fixed  one,  in  which  the  consequent  fiJl  of 
the  mercury  produces  an  almost  complete  vacuum.     By  turning  the  proper 
cock  this  vacuum  is  put  into  connection  with  the  receiver  containing  the 
blood,   which  thereupon  becomes  proportionately  exhausted.     By  again 
adjusting  the  cocks  and  once  more  elevatLog  the  moveable  globe^  the  gii 
thus  extracted  is  driven  out  of  the  fixed  gVobe  into  a  receiver,  and  tba 
vacuum  once  more  established.     The  operatkm  is  repeated  as  long  as  gu 
continues  to  be  given  ofl*  from  the  blood.    This  form  of  pump^  introduced  br 
Ludwig,  or  a  modificatlou  of  it,  with  drying  apparatus,  employed  by  PflfigVi 
is  the  one  which  has  been  hitherto  most  extensively  used  ;  but  a  Sprengel'i 
pump  is  preferred  by  some. 

The  average  composition  of  this  gas  is  in  the  two  kinds  of  blood 
as  follows : 

From  100  vols. 


may  be  obtained 

Of  oxygen,  of  oarbonio  acid, 

Of  Arterial  Blood,      20  (16)  vols.  39  (30)  vols. 

Of  Venous  Blood,       8  to  12  (6  to  lO)  yols.      46  (8&)  vols. 


of  nitrogv. 
1  to  2  voli 
1  to  2  Toll 


all  measured  at  760  mm.  and  0^  C* 

It  will  be  convenient  to  consider  the  relations  of  each  of  thett 
gases  separately. 


The  relations  of  Oxygen  in  Hie  Blood. 

When  a  liquid  such  as  water  is  exposed  to  an  atmosphere  cffOr 
taining  a  gas  such  as  oxygen,  some  of  the  oxygen  will  be  ^ 
solved  in  the  water,  that  is  to  say  will  be  absorbed  from 


^  Or,  at  a  pressure  of  1  metre,  about  50  vols. 

'  The  numbers  in  brackets  represent  in  round  numbers  the  same  amounts  mMunB^'i 
according  to  the  present  German  method,  at  a  pressure  of  1  metre. 
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40,    DuoBUttuno  IiivnainoN  or  Lddwio'b  Hibcdbuii  Ou  Fmtt. 

B  kre  two  glui  globM,  ooDueeted  b;  itrong  India-rubber  tabea,  a  uid  6, 

■jpilUr  gUs)  globet  A'  uid  B'.    A  u  tnrther  notmeoted  by  meuu  of  tha 

with  tha  reo«iTer  0  aootftlmns  the  blood  <or  other  fluid)  to  be  Knftlyaad, 

IMMU  of  tba  atopoock  d  and  the  tnbe  a  with  the  r«o«iTar  D  for  reoeiviug 

A  and  B  are  ftlao  oonneoted  with  Moh  other  bj  meana  of  tba  itopoooka 

'  latter  being  so  arranged  that  6  alio  oommtmieataa  with  B'  by  the  paaaaga 

B'  bcdng  fall  of  menmry  and  the  oooka  lc,f,g,  and  d  bauig  open   bnt 

■ed,  on  raiaing  A'  by  metuia  of  tha  pnllejp  ue  mensrj  of  A'  Qlla  A, 

ho  air  aontained  in  it,  into  B,  and  ao  ont  throng  e.    When  the  meronry 

ore  g,  f  U  ciloaed,  and  g'  being  opened,  B'  ia  In  tnm  railed  till  B  ii 

Ued  wUh  marenrj,  all  the  air  prenonily  in  it  being  driTen  out  thiongh  e, 

■  d,  and  lowering  B",  the  whole  of  the  mereniyln  B  lalla  in  B',  and  * 

qaently  ia  eatablished  in  B.     On  oloaing  f*,  bnt  opening  g,  f,  and  ft  and 

a  vaonom  ia  limilarly  eatabliahed  in  A  and  in  the  jnnotlon  between 

he  oook  e  be  now  opened  the  gasea  of  tha  blood  in  C  aaeape  Into  the 

asd  EL    By  raising  A',  after  the  oloenie  of  c,  and  opening  of  d,  the 

a  an  dri*en  Crom  A  into  B,  and  bj  the  raising  ol  B'  from  B,  Uuoogh  e 

r  D,  -     ■■ 
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atmv\<pheT>?.  The  quantity  which  is  so  absorbed  will  depend  oi 
quantity  of  oxygen  which  is  in  the  atmosphere  above ;  that  ; 
say  on  the  pressure  of  the  oxygen ;  the  greater  the  pieso 
the  oxvs::en,  the  lazv?er  the  amount  which  wiQ  be  absorbed.  ] 
the  other  hand  water,  alrea^^y  containing  a  good  deal  of  oxygei 
solved  in  it«  be  exposed  to  an  atmosphere  containing  little  < 
i»xyp?u.  the  oxygen  i»iil  escape  from  the  water  into  the  atmoq 
The  oxygen  in  fact  which  is  dissolved  in  the  water  is  in  a  st 
tei;<:on.  the  degree  of  tension  depending  on  the  quantity  disK 
ai:d  when  water  containing  oxygen  di^«:*lved  in  it  is  exposed  1 
a:niosphei>^.  the  |vini  whether  the  oxygen  escapes  from  the 
ir::o  ::ie  a:ma>rhc;\\  or  p&sse:s  £>::n  the  atmoi^pheie  into  the 
dcrvrixis  v^n  wheihxr  the  teiLsio:!  Ci'  the  oxypfn  in  the  water  is  g 
cr'^Ti'^  than  the  pr^esssun?  c^"  the  cxygrn  in  the  armosphere.  ] 
wr.K'v.  w:i:rr  is  exp.vsec  ^o  oxyg^c  the  oxygen  either  escapes 
ahjv.*rb*:vi  iu::il  ^\:uilibri'::zi  is  csribLished  between  the  presn 
the  cxv^^n  i'.:  the  i:=::i>ii:enr  ac»:Te  ac-d  the  tension  of  the  o 
:u  :hv  wa:«r  Ivlow.  i  ris  rvs^':  is.  a?  £»-  as  mere  aheorptio 
eso*iv  arv  vvcoemxc.  c":-.e  iz.-ifj-^Mi'i'ti::  of  what  other  gasi 
rrv*;::::  ir:  :he  w;i:cr  or  iz  :hr  i^zi'-iKcere.  S^ippose  a  hadf-I 
'OA:x:r  «';rv  'vir;;  a:  :r.-f  b.-jwcci  :£  a  -wc-L:3^  dask.  and  tb 
*::::: .*src.ir-:  :::  :c.e  f.ju>i  acirvr  ie  WAier  w-is  c::<e-thizd  oxyg 
w:^...:  ridkk;:  no  iirirc&.v*  Jks  rjc  jls  -l-r  ice*:rpd:n  ot  oxygen  1 
wii::r  w%s  ^^:£:•.v^::•=•I.  wh'::Ji»£r  :i-f  rcCLiizizg  rwo-thuds  < 
a:u.v.-*w*i;^r:f  vis  .-urc^-'ci-:  ii:i*L  :r  z.:':r:«^E.  or  Lydnz-gen,  or  wl 
^i.-i*  <^U'.v  jtSrv-;;  :!:.-•  vj^zzc  vs^  a  T-icn-zzi  dllei^c  rsfe-^chird  wit! 
cy.'i-c--  H ;■::•>?  :';  ->  sj6£  iIj^z  'SC'i  ibscrydoc  :c  ainy  ^is  de|!« 
•/:•:  '-^.^-^l.:J  yr^-<if-tr^  :c  zzj^z  pt?  :il  "ii-f  i;:zi:i5C!i-fre  to  whic 
l./.v..".  :<  ;.\-.«.s*i'.:  Tj-ls  ->  "rn-T  r-.i:  :c1t  :c  :tt^c.  an-i  water. 
aJ..  i'i-jtfs  Ai.'.:  -•;;-..■;.<  -^^  :.v:c  :.:  z  :r,  iz-'i^  \z.\^:  jii-fjni-.-JL  o:-mbi 
^•.;i  jiAce.    .rS:-.     L'3.r-.iiz  j.^yi..'^  -vvl   :i  jirirrse  actsrrb  di 

j:r<o«;'s  ^vii  iT.r'.vu:  "r\ad  .':«:'^.  *:<!:  -v-.-rii  tIt*  fujiitf  ri^  ani  th€ 

'         •■  "*"       .....  ...        .        ~_  .. 

?..';•■:■>. «.l  ":/  -.i'l^yerx:.. -;?.  r-:c:•:^:  t;  -f.:;!-::  'Jiii  z:*i~-fr  grz.enl 
*'.>;.■. '.c  •;•.•.  :i  JLX'  ^-i-*  :y  la"  '.•.;i»i  "v^  i^irinzfl  :c  ilif  cat 
'^'sL-:   j,tc^  \z-:  ':*'.:. in   .i  \\2*i   .:';i^«^  -^»e   \ri^ssLrr  :x  "if  cas.  ai 

".v.vv.  ,.v.v.a*.v-.  ::  ui]'  ^' ''■■''  i::ri«  5i..i:.;i-:.  ,»;i:':":  :.  t*^*?*-:  joi  f^  S 
.v.-.ro  *>.»;•.; .V''«   L>  :.]•;  ■.u--'..jw   -.r.'j^ii--:   ./    .:— j?:u  ji  zZaIZ  iinn-:^ 

v>v  ,*.y.v5ic  :n.'\.x*  :mj'-u.j  J:^  :  j.  r  ji.  ..'.-/'^ra  tj  j.  siocess 
.t  .  f ;  sns^'iK'i^'*  ,■»,'  a ':  Li:  a .  J  J  -^   ."n:  r  -.  iwn  j  j  u:  M  ii^    '-' .  '^  .  i    :  zr"Z^i  O-  w-e  ra 
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if  on  the  other  hand  we  submit  arterial  blood  to  successively  dimi- 
nishing pressures,  we  find  that  for  a  long  time  very  little  is  given  off, 
and  then  suddenly  the  escape  becomes  very  rapid.  The  absorption 
of  oxygen  by  blood  does  not  follow  the  general  law  of  absorption 
according  ta  pressura  The  phenomena  on  the  other  hand  suggest 
the  idea  that  the  oxygen  in  the  blood  is  in  some  particular  combina- 
tion with  a  substance  or  some  substances  present  in  the  blood,  the 
combination  being  of  such  a  kind  that  dissociation  readily  occurs  at 
certain  pressures  and  certain  temperatures.  What  is  that  substance 
or  what  are  those  substances  ? 

If  serum,  free  from  red  corpuscles,  be  used  in  such  absorption 
experiments,  it  is  found  that  as  compared  with  the  entire  blood,  very 
KUle  oxygen  is  absorbed,  about  as  much  as  would  be  absorbed  by  the 
lame  quantity  of  water ;  but  such  as  is  absorbed  does  follow  the  law 
of  iffessures.  In  natural  arterial  blood  the  quantity  of  oxygen  which 
can  be  obtained  from  serum  is  exceedingly  small;  it  does  not 
iinount  to  half  a  volume  in  one  hundred  volumes  of  the  entire 
Wood  to  which  the  serum  belonged.  It  is  evident  that  the  oxygen 
which  is  present  in  blood  is  in  some  way  or  other  peculiarly  con- 
a«cted  with  the  red  corpuscles.  Now  the  distinguishing  feature  of 
tke  red  corpuscles  is  the  presence  of  hsemoglobin.  We  have  already 
•wn  (p.  13)  that  this  constitutes  90  per  cent,  of  the  dried  red  cor- 
posclea  There  can  be  d  priori  little  doubt  that  this  must  be  the 
ti^bstanoe  with  which  the  oxygen  is  associated ;  and  to  the  properties 
of  this  body  we  must  therefore  direct  our  attention. 


HcBmoglobin;  its  properties  and  derivatives. 

When  separated  from  the  other  constituents  of  the  serum,  haemo- 
globin appears  as  a  substance,  either  amorphous  or  crystalline, 
'^ily  soluble  in  water  (especially  in  warm  water)  and  in  serum. 

Since  it  is  soluble  in  semm,  and  since  the  identity  of  the  crystals 
^''•Brved  occasionally  within  the  corpuscles  with  those  obtained  in  other 
"^^ys  shews  that  the  haemoglobin  as  it  exists  in  the  coq)U8cle  is  the  same 
^hing  as  that  which  is  artificially  prepared  from  blood,  it  is  evident  that 
f'^  pecnliav  relationship  between  the  stroma  and  the  hsemoglobin  must, 
^  iiatural  blood,  keep  the  latter  from  being  dissolved  by  the  serum. 
Sence  in  preparing  haemoglobin  it  is  necessary  first  of  all  to  break  up  the 
^^'ifQades.  This  may  be  done  by  the  addition  of  chloroform  or  of  bile 
"^^  or  better,  by  repeatedly  freesing  and  thawing.  It  is  also  of  advantage 
F^^^Qsly  to  remove  the  alkaline  serum,  so  as  to  operate  only  on  the  red 
^^'pQicles.  The  corpuscles  heing  thus  broken  up,  an  aqueous  solution  of 
^|^K)g]obin  is  the  result.  The  alkalinity  of  the  solution,'  when  present, 
^^iog  reduced  by  the  cautious  addition  of  dilute  acetic  acid,  and  the  solvent 
P^wer  of  the  aqueous  medium  being  diminished  by  the  addition  of  one 
north  its  bulk  of  alcohol,  the  mixture,  set  aside  in  a  temperature  of  0^  C. 
^  ftnrtber  to  reduce  the  solubility  of  the  hiemoglobin,  readily  crystallizes, 
^fhm  the  blood  used  is  that  of  the  dog,  cat,  horse,  rat,  guinea-pig,  iic 
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mk7  In  separated  \rf  filtntiaii,  luliMaJtuI  in  vate  ud  n- 


obin  from  the  blood  c^tbent,gtulK»-pig8qai^^el,1ledg^ 
at,  Ao^.  goose,  and  some  otber  animal^  cxTEtallizes  i«a^y. 
being  generallr  sleoder  fonr-sided  pri^na.  belongi&g  to  lIi« 
;tem,  and  ofceD  appearing  qoite  aocuW.  Tbe  cmteli 
ood  of  the  guinea-iHg  are  octahedtal,  but  also  bdongta 
'  STStem ;  those  of  tiie  tqniiTd  «ze  u-«ided  fdatca.  Iht 
'  OS,  sheep,  rabbit,  p^,  and  man,  ojataUiKS  with  tf- 
r  the^  dider^Dces  exist  is  not  known ;  bat  the  <av|l^ 
the  amoant  of  water  of  arxtalliiatiMi,  '^rmrj  ■ommbtn 
obtained  fivm  diffeivnt  animala.  In  the  dog,  the  f 
ijosition  ti  the  crvstals  is,  aoeording  to  HoBpe-SCTHr, 
:.  -^i,  N.  10  17.  O*  il-^  &  (»9,  Fe  43.  with  3  to  4  pt 
ter  of  ciT^t&llixstion.  It  will  ihoa  be  ae«n  that  hsM- 
lius  iivn.  in  acditica  to  the  other  d^ceste  oana^  p^ 
(Id  sT.bsisnoes. 

-sL-il^  when  jieen  voder  the  mkiueuufKi,  have  the  MBB 
ct  i.v'L'i:r  as  anriial  bkod  has  to  the  naked  eye;  who 
.^!iss  ti^t J  E&:i::^T  apftear  daiker.  Ab  aqoeoos  sobtko 
Kr^  i-brjciit-c  tj  dis^lTing  pozified  crrsUib  in  distilled 
t  aitcnal  eohwE.     A  uJermUr  dilata 


HI  IS  iCwrrhcM.  af  u  a 

ti-..\ :  V-:  wr.jit  i«  a>.'ei  sc^i^  b  tibe  prasenoeDf  tm 

^:V.  &>(ii;?r'.i;c:  ~M2m.  Mi^  buaeea  tM  adat  KaesD 

■-,■  V;-   4'".      v-'  :i-:s»e  lire  c«*  a.  lowai^  the  nd  nd^  is 

>•-.-.:  ;':■:   t.v.ik  :T:<D!if :  hi  maidk  Ges  at  aane  Etdi 

>••.-..■  *-.:;   :i.    !•      n*  ;«ber,  A  ■«» 


:1-.^  awiiT  ei  ^    edgaa.     ItaB 

t  .7=1  IT.  a  Kanica  eaiiaiaii^  1  g 
"  Tktir .  J    "    " 

tTl    r>r7    BAIT 


vcj.-a  >iui.if  an.viiM'  TBsea  ta|p 
•  ~tif  .c  .-^,£^1  w^.>3.  lb»  fHS  tlllilpl 
--  ti-«i  -X  :.:<  fTMiE  Wc«ea»  the  «d|t' 
s.>'-.>'.-a  XI  '■iJa  ivTttt  €i&a,aBd  thooeialk 
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Fio.  41.    Thk  SpECT&i  or  Rbmoolobix  axb  boxs  or  its  nxBiTAxm  m 

BBTBRBSCB  TO  FBAUKHHOrXS't 


The  first  speetrom  of  oxyhemoglobin  ib  that  of  an  exeeedin^  dilute  solntkn. 
of  ft  solution  intermediftte  between  the  first  and  seeood  ipeetn  would  mi 
the  iiit^imly  of  its  ftbeorption-bttndB  the  speetmm  given  ae  thai  of  eaiboii 
hemoglobin. 

red  between  the  band  and  the  general  absorption  at  ihe  re 
(see  Y\g.  41).  K  the  solution  be  still  further  increased  in  sb 
the  interval  on  the  blue  side  of  the  band  becomes  absorbei 
so  that  the  only  ravs  which  pass  through  are  the  red  njB 
to  the  red  side  of  I) ;  these  are  the  last  to  disaj^iear,  and 
the  natural  red  colour  of  the  solution  as  seen  by  transmitted 
Exactly  the  same  appearances  are  seen  when  crystals  of  '. 
globin  are  examined  with  a  microspectroscope.  They  are  all 
when  arterial  blood  itself  (diluted  with  saline  solutions  so  tl 
corpuscles  remain  in  as  natural  condition  as  possible)  is  exf 
with  the  spectroscope,  as  well  as  when  a  drop  of  blood,  whic 
the  necessary  exposure  to  air  is  always  arterial,  is  examined  w 
microspectroscope.  In  &ct,  the  spectrum  of  hemoglobin  is  th 
trum  of  normal  arterial  blood. 

When  crystals  of  haemoglobin,  prepared  in  the  way  da 
above,  are  subjected  to  the  vacuum  of  the  mercurial  air-pum 
give  off  a  certain  quantity  of  oxygen,  and  at  the  same  tim 
change  in  colour.  The  quantity  of  oxygen  given  off  is  definite, 
of  the  crystals  giving  off  1*76^  ccm.  of  oxysen.  In  other  wa 
crystals  of  haemoglobin  over  and  above  the  oxygen  whidi 
intimately  into  their  composition,  (and  which  alone  is  given 
elementary  composition  stated  on  p.  S72),  contain  another  qi 
of  oxviT^n,  which  is  in  loose  combination  onlv,  and  which  i 
dissociated  from  them  by  establishing  a  sufficiently  low  p 
The  change  of  colour  which  ensues  when  this  loosely  o(H 
oxvsren  is  removed,  is  characteristic :  the  crvstals  become  darl 
more  of  a  purple  hue,  and  at  the  same  time  dichroic,  so  thai 
the  thin  edges  appear  green,  the  thicker  ridges  are  pnrpla 

An  orviiuary  solution  of  haemoglobin,  like  the  crystals  from 
it  is  toruuxi.  c^mtains  a  detinite  quantity  of  oxygen  in  a  si 
peculiar  Kkv^^  combiuarion ;  this  oxvgen  it  also  gives  up  at 
tioieutlv  low  pressure,  K'coming  at  the  same  time  of  a  purjdif 
This  Kvselv  combined  oxvv^en  mav.  also  be  removed  bv  pi) 
Stream  of  hydrogen  or  other  indifferent  gas  throu^  the  si 
whereby  dis^Mriation  is  eiiected.  It  may  also  be  got  rid  of 
usie  of  revlucing  agents^  Thus  if  a  few  drops  of  ammonium  si 
or  of  au  alkaline  s^Jutiou  of  ferrous  sulphate,  kept  from  predj 
bv  the  prx'^UKV  K>f  tanario  acid\  be  adaed  to  a  solution  of  he 
bin.  or  even  to  au  uupuri&xi  solution  of  blood  coqHiscles  sac 
at(v^e\l  by  the  washings  from  a  bkxxi  clot,  the  o:^gen  in  loa 

^  Ot.  IIM  BMLmniii  ftt  ft  prv^sQzv  o£  1  meGre. 
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bination  with  the  haemoglobin  is  immediately  seized  upon  by  the 
reducing  agent  This  may  be  recognized  at  once,  without  submitting 
the  fluid  to  the  air-pump,  by  a  characteristic  change  of  colour ;  from 
%  bright  scarlet  the  solution  becomes  of  a  purplish  claret  colour,  when 
Been  in  any  thickness,  but  green  when  sufficiently  thin :  the  colour  of 
the  reduc^  solution  is  exactly  like  that  of  the  crystals  from  which 
the  loose  oxygen  has  been  removed  by  the  air-pump. 

Examined  by  the  spectroscope,  this  reduced  solution,  or  solution 
of  reduced  hsemoglobin  as  we  may  now  call  it,  offers  a  spectrum 
(Fig.  41)  entirely  different  from  that  of  the  unreduced  solution. 
The  two  absorption  bauds  have  disappeared,  and  in  their  place 
there  is  seen  a  single,  much  broader,  but  at  the  same  time  much 
fiunter  band  a,  whose  middle  occupies  a  position  about  midway 
between  the  two  absorption  bands  of  the  unreduced  solution,  though 
the  red-ward  edge  of  the  band  shades  away  rather  farther  towards 
the  red  than  does  the  other  edge  towards  the  blue.  At  the  same 
time  the  general  absorption  of  the  spectrum  is  different  from  that  of 
tlie  unreduced  solution  ;  less  of  the  blue  end  is  absorbed.  Even  when 
tiM  Bolutions  become  tolerably  concentrated,  the  bluish  green  rays  to 
the  blue  side  of  the  single  band  still  pass  through.  Hence  the 
iiference  in  colour  between  haemoglobin  which  retains  the  loosely 
combined  oxygen\  and  haemoglobin  which  has  lost  its  oxygen  and 
hecome  reduced.  In  tolerably  concentrated  solutions,  or  tolerably 
tirick  layers,  the  former  lets  through  the  red  and  the  orange  yellow 
HJB,  the  latter  the  red  and  the  bluish  green  rays.  Accordingly, 
toe  one  appears  scarlet,  the  other  purple.  In  dilute  solutions,  or 
Bi » thin  layer,  the  reduced  haemoglobin  lets  through  so  much  of  the 
|wen  rays  that  they  preponderate  over  the  red,  and  the  resulting 
ttipression  is  one  of  green.  In  the  unreduced  haemoglobin  or  oxy- 
wnoglobin,  the  potent  yellow  which  is  blocked  out  in  the  reduced 
^moglobin  makes  itself  felt,  so  that  a  very  thin  layer  of  haemoglo- 
ro,  as  in  a  single  corpuscle  seen  under  the  microscope,  appears 
yellow  rather  than  red. 

When  the  haemoglobin  solution  (or  crystal)  which  has  lost  its 
^**Jgen  by  the  action  either  of  the  air-pump  or  of  a  reducing  a<i:ent 
^  by  the  passage  of  an  indifferent  gas,  is  exposed  to  air  containing 
^**ygen,  an  absorption  of  oxygen  at  once  takes  place.  If  sufficient 
**^gen  be  present,  the  whole  of  the  haemoglobin  seizes  upon  its  com- 
Pfenent,  each  gramme  taking  up  in  combination  1*76  (1*34)  c.ctn.  of 
'^^^gcn;  if  there  be  an  insufficient  quantity,  the  haemoglobin  takes 
^all  there  is,  so  that  while  some  of  the  haemoglobin  gets  its  allow- 
J^,  the  remainder  continues  reduced.  If  the  amount  of  oxygen 
^  sufficient,  the  solution  (or  crystal),  as  it  takes  up  the  oxygen, 
'^^ns  its  bright  scarlet  colour,  and  its  characteristic  absorption 
^tectrum,  the  single  band  being  replaced  by  the  two.     Thus  if  a 

'  For  brtritj'f  Mke  we  may  call  the  hiemoglobin  containing  oxygen  in  loone 
NnUDatum,  oxffhtewioglobin^  and  the  hiemoglobin  from  which  this  loosely  combined 
^igf|iB  hat  been  remoTed,  reduced  hsmoglobiu  or  simply  hiemoglobin. 

13—2 
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solution  of  oxyhsemoglobin  in  a  test-tube  after  being  rednoed  by 
the  ferrous  salt,  and  shewing  the  purple  colour  and  the  angle 
band,  be  shaken  up  with  aur  for  a  second  or  two^  the  U^t 
scarlet  colour  at  once  returns,  and  when  the  fluid  is  placed  brfoie 
the  spectroscope,  it  is  seen  that  the  single  faint  broad  band  of  the 
reduced  hsemoglobin  has  wholly  disappeared,  and  that  in  its  ]daoe 
are  the  two  sharp  thinner  bands  of  the  ozyhsemoglobin.  If  left  to 
stand  in  the  test-tube  the  quantity  of  reducing  agent  stiU  present  is 
generally  sufficient  again  to  rob  the  hsemoglobin  of  the  oxygen  thus 
newly  acquired,  and  soon  the  scarlet  hue  &de8  back  again  into  the 
purple,  the  two  bands  gi^'ing  place  to  the  one.  Another  shake  and 
cxpi.^ure  to  air  will  however  again  bring  back  the  scarlet  hue  and 
the  two  l)ands ;  and  once  more  these  may  disappear.  In  fact,  a  fev 
drops  of  the  reducing  fluid  will  allow  this  game  of  taking  oxygen 
from  the  air  and  ginng  it  up  to  the  reducer  to  be  played  over  and 
over  again,  and  at  each  turn  of  the  game  the  colour  shifts  from 
scarlet  to  purple,  and  from  purple  to  scarlet,  while  the  two  bands 
exchange  for  the  one,  and  the  one  for  the  twa 

Colour  of  yenoos  and  arterial  Blood.  EFidently  we  have  in 
these  properties  of  haemoglobin  an  explanation  of  at  least  one-half 
of  the  gr^at  respiratory  process,  and  they  teach  us  the  meaning  of 
the  change  of  colour  which  takes  place  when  venous  blood  becomes 
arterial  or  arterial  venous.  In  venous  blood,  as  it  issues  from  the 
right  ventricle,  the  oxygen  present  is  insufficient  to  satisfy  the  whole 
of  the  ha-moglobin  of  the  red  corpuscles ;  much  reduced  haemoglobin 
is  present,  hence  the  purple  colour  of  venous  blood. 

When  onlinanr  venous  blocd  diluted  without  acoesi  of  oxygen,  tf 
bn^iight  Ivfore  the  spectroscope,  the  two  hands  of  oxyhaemoglobin  are  leca 
This  is  explained  by  the  taot  th:it  in  a  mixture  of  oxy haemoglobin  tf^ 
^nshiiwl^  hx'moclobir..  the  two  sharp  bands  of  the  former  are  alwaynniQck 
uu^r\»  nviihly  s<x'n  thnn  the  much  ^nter  band  of  the  latter.  Novia 
orvliuArv  >euous  bKvsi  there  is  always  some  loose  oxygen,  and  therrfv^ 
a1w:iys  s«'me.  ituit^xi  a  c>L^us>iiierabie  quantity,  of  oxyhjuuoglohin  as  well  f^ 
vn^hu^^i^  hAUUv\cl'^biu.  I:  i<  only  in  the  last  stages  of  asphyxia  that  tUdi* 
Uvw^  o\yo'}*  ot*  the  b\vvi  di&^ppear? :  and  then  the  two  bands  of  ^ 
owlm^im^iobin  \-^ins>h  :^x\ 

As  tho  bitwl  ivk^o?  thr-^v^iih  the  capillaries  of  the  lungs,  this 
r*\huN\l  haM».\c';*"^*.'^  :.\kos  :r:r*^.  ::.r  puhnonaiy  air  its  complement 
of  owjjxM).  x\\\  or  v.;\srly  a:!  ::.c  Lan^^clobiu  of  the  red  corpturf^ 
UsNMuos  o\v-li;nr.,  li'v^biii.  av:.i  ;i  •:  vuroie  ctJour  forthwith  shifts i'*''' 

SOAllot, 

The  h,v)ivXi:lob*.^i  of  Art<^r!,s'  ":  '.'•xi  is  jat:;rftred  or  nearly  satuiated^ 
owiT^'u.  Px  r.ion>Ax:v^  :he  iirt>!!sv.r:  :-i  the  ^tXT^en.  au  additional  qutf^f-*^ 
u> .•* \  I V  *1  n X < »;  u*.  1  o  I V. t^  i ' .v\i .  V:; ;  : ' . : <  : s  o^niesi  ry  >iniple  absorpttoD.  * /" 
^u:«nni\  >K*  rt.vi«NJ  :>  c\;rt^r,^0A  v-vx/.  LV.Ti-.;iuvd  with  the  total  qntf^ 
«\M)\lMn«\)  ^\lh  the  !w.«*'^'ol  '.v.,  :  v.t  ;:#  riLy^.0.^c:al  importance  isiws**^ 
b\  lu  Nmi\ji  jmx^m^vJ  At  a  h'.jri;  t*v*s2.^r^ 
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Passiii|^  from  the  left  ventricle  to  the  capillaries,  some  of  the  oxj- 
smoglobiQ  gives  up  its  oxygen  to  the  tissues,  becomes  reduced 
dmoglobin,  and  the  blood  in  consequence  becomes  once  more 
noas,  with  a  purple  hue.  Thus  the  red  corpuscles  by  virtue  of 
eir  hemoglobin  are  emphatically  oxygen-carriers.  Undergoing  no 
bnnBic  change  in  itself,  the  haemoglobin  combines  in  the  lungs 
th  oxygen,  which  it  carries  to  the  tissues ;  these,  more  greedy  of 
jrgen  than  itself,  rob  it  of  its  charge,  and  the  reduced  hsemoglobin 
rries  back  to  the  lungs  in  the  venous  blood  for  another  portion, 
le  change  from  venous  to  arterial  blood  is  then  in  part  (for  as  we 
UI  see  there  are  other  events  as  well)  a  peculiar  combination  of 
tmoglobin  with  oxygen,  while  the  change  from  arterial  to  venous  is, 

purt  also,  a  reduction  of  oxyhsemoglobin ;  and  the  difference  of 
our  between  venous  and  arterial  blood  depends  almost  entirely  on 
^  iact  that  the  reduced  haemoglobin  of  the  former  is  of  purple 
our,  while  the  oxyhsemoglobin  of  the  latter  is  of  a  scarlet 
our. 

There  may  be  other  causes  of  the  change  of  colour,  but  these  are  wholly 
sidiary  and  unimportant.  When  a  coqtuscle  swells,  its  refractive 
r«r  is  diminished,  and  in  consequence  the  number  of  rays  which  pass 
>  and  are  absorbed  by  it,  are  increased  at  the  expense  of  those  reflected 
O  its  surface;  anything  therefore  which  swells  the  corpuscles,  such 
th»  addition  of  water,  tends  to  darken  blood,  and  anything,  such  as 
^noentrated  saline  solution,  which  causes  the  corpuscles  to  shrink,  tends 
brighten  blood.  Carbonic  acid  has  apparently  some  influence  in  swelling 
corpuscles,  and  therefore  may  aid  in  daikening  the  venous  blood. 

^e  have  spoken  of  the  combination  of  haemoglobin  with  oxygen 
>eing  a  peculiar  one.     The  peculiarity  consists  in  the  facts  that 

oxygen  may  be  associated  and  dissociated,  without  any  general 
urbwce  of  the  molecule  of  haemoglobin,  and  that  dissociation 
T  be  brought  about  veiy  readily.  Haemoglobin  combines  in  a 
>lly  similar  manner  with  other  gases.  If  carbonic  oxide  be 
sed  through  a  solution  of  haemoglobin,  a  change  of  colour  takes 
^,  a  peculiar  bluish  tinge  making  its  appearance.  At  the  same 
e  the  spectrum  is  altered  ;  two  bands  are  still  visible,  but  on 
urate  measurement  it  is  seen  that  they  are  placed  more  towards 

blue  end  than  are  the  otherwise  similar  bands  of  oxyhaemoglobin 
i  Fig.  41).  When  a  known  quantity  of  carbonic  oxide  gas  is 
t  through  a  haemoglobin  solution,  it  will  be  found  on  examination 
•t  a  certain  amount  of  the  gas  has  been  retained,  an  equal  volume 
oxygen  appearing  in  its  place  in  the  gas  which  issues  from  the 
tttion.  If  the  solution  so  treated  be  crystallized,  the  crystals  will 
^e  the  same  characteristic  colour,  and  give  the  same  absorption 
dctrum  as  the  solution ;  when  subjected  to  the  action  of  the  mercu- 
J  pump,  they  will  give  off  a  definite  quantity  of  carbonic  oxide, 
grm.  of  the  crystals  affording  1*76  (1-84)  c.cm.  of  the  gas.  In  fact, 
dmoglobin  combines  loosely  with  carbonic  oxide  just  aa  it  do^ 
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-with  oxygen ;  but  its  affinity  with  the  former  is  greater  than  with 
the  latter.  While  carbonic  oxide  readily  turns  out  oxygen,  oxjfgea 
cannot  so  readily  turn  out  carbonic  oxide.  Indeed,  carbonic  oxide 
has  been  used  as  a  means  of  driving  out  and  measuring  the  qaantitjr 
of  oxygen  present  in  any  given  blood.  This  property  of  carbonic 
oxide  explains  its  poisonous  nature.  When  the  m&  is  breathed, 
the  reduced  and  the  unreduced  haemoglobin  of  the  venous  blood 
unite  with  the  carbonic  oxide,  and  hence  the  peculiar  bright  red 
colour  observable  in  the  blood  and  tissues  in  cases  of  poisoning 
by  this  gas.  The  carbonic  oxide  hsemoglobin,  however,  is  of  no  tue 
in  respiration ;  it  is  not  an  oxygen-carrier,  nay  more,  it  wiil  not 
readily,  though  it  does  so  slowly  and  eventually,  give  up  its  carbonic 
oxide  for  oxygen,  when  the  gas  no  longer  enters  the  chest  and  pare 
air  is  supplied.  The  organism  is  killed  by  suffocation,  by  want  of 
oxygen,  in  spite  of  the  bright  red  colour  of  the  blood.  As  Beniaid 
phrased  it,  the  corpuscles  are  paralysed. 

Hsemoglobin  similarly  forms  a  compound,  having  a  characteristic  speo- 
trtim  with  nitric  oxide,  more  stable  than  that  with  carbonio  oxide, 
1  grm.  of  hsemoglobin  uniting  with  1*76  (1*34)  ccm.  of  the  gas.  In  all  theee 
comjK>unds,  in  tact,  the  same  volume  of  gas  unites  with  the  »ame  quandtf 
of  the  substance,  and  all  three  compounds  are  isomorphous.  Nitrous  ojdde 
reduces  hsemoglobin.  Compounds  also  exist  between  haemoglobin  and 
hydrocyanic  acid. 

Ha^moirlobin  is  a  so-called  ozone-carrier.  If  to  a  mixture  of  OKoniod 
turpentine  (turpentine  kept  for  some  tiDie)  and  tiucture  of  guaiacam,  a  drop 
of  blood  or  hsemoglobin  solution  be  added,  the  turpentine  at  once  oxidiiM 
the  giiaiacum  and  produces  a  blue  colour;  this,  before  the  addition  of  tlx 
hsemoglobin,  it  is  unable  to  do.  It*  a  drop  of  tincture  of  guaiacam  {^ 
experiment  fails  with  many  specimens  of  tincture)  be  spread  out  aod 
allowed  to  dry  on  a  piece  of  white  filtering  paper,  and  a  drop  of  blood  or 
haemoglobin  solution  be  placed  on  it,  a  blue  liug  is  developed.  This  wis 
held  by  A.  Schmidt  to  indicate  that  the  oxygen  in  combination  viU 
hsemoglobin  was  in  an  active,  or  ozonic  condition.  Since  however  tbe 
experiment  fails  when  gla^s  or  even  smooth  pa[>er  is  used  instead  of  filtering 
pa])er,  it  is  more  than  probable  that  the  result  is  caused  by  a  decompouitioi^ 
of  the  hsemoglobin  due  to  the  porous  nature  of  the  i>aper\ 

Although  a  crystalline  body,  haemoglobin  diffuses  with  gre** 
difficulty.  This  arises  from  the  fact  that  it  is  in  part  a  proteid 
body ;  it  consists  of  a  colourless  proteid,  associated  with  a  coloured 
compound  named  hcematin.  All  the  iron  belonging  to  the  Iweino- 
globin  is  in  reality  attached  to  the  ha^matin.  A  solution  » 
htemoglobin,  when  heated,  coagulates,  the  exact  degree  at  whiA 
the  coagulation  takes  place  depending  on  the  amount  of  dilution; 
at  the  same  time  it  turns  brown  from  the  setting  free  of  y^ 
haematin.  If  a  strong  solution  of  haemoglobin  be  treated  with  acett 
(or  other)  acid,  the  same  brown  colour,  from  the  appearance  » 
haematin,   is   observed.      The    proteid    constituent  however  is  not 

1  Pfliiger,  PJUlger'a  Archiv,  x.  (1876)  p.  252. 
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XIated,  but  by  the  action  of  the  acid  passes  into  the  state  of 
Jbumin.  On  adding  ether  to  the  mixture,  and  shaking,  the 
Bmatin  rises  into  the  supernatant  ether,  which  it  colours  a  dark 
id,  and  which,  examined  with  the  spectroscope,  is  found  to  possess  a 
eU-marked  spectrum,  the  spectrum  of  the  so-called  acid  hsematin 
;  Stokes  (Fig.  41).  The  proteid  in  the  water  below  the  ether  appears 
\  a  coagulated  form.  In  a  somewhat  similar  manner  alkalis  split 
p  bemoglobin  into  a  proteid  constituent  and  ha^matin.  The  exact 
Ataie  of  the  proteid  constituent  has  not  as  yet  been  clearly  deter- 
diied ;  it  was  supposed  to  be  globulin,  hence  the  name  hsematoglo- 
afin  contracted  into  haemoglobin.  The  proteid  which  is  precipitated 
ben  a  solution  of  hsemoelobin  is  exposed  to  the  air,  though  belong- 
ig  to  the  globulin  famUy,  has  characters  of  its  own.  It  has  been 
imed  by  Greyer'  globin.  It  is  free  from  aah.  Haematin  when 
prated  from  its  proteid  fellow,  and  purified,  appears  as  a  dark 
rown  amorphous  powder,  having  the  probable  composition  of  C„, 
^  N^  Fe,  0..  It  is  readily  soluble  in  dilute  alkaline  solutions,  and 
^  gives  a  characteristic  spectrum  (Fig.  41). 

An  interesting  feature  in  hfematin  is  that  its  cUkMne  solution  is 
IMble  of  being  reduced  by  reducing  agents,  the  spectrum  changing  at  the 
me  tims,  and  that  the  reduced  solution  will,  like  the  haemoglobin,  take 
>  oxygen  again  on  being  brought  into  contact  with  air  or  oxygen.  This 
Kild  seem  to  indicate  that  the  oxygen-holding  power  of  haemoglobin  is 
<ui6cted  exclusively  with  its  hsematin  constituent.  By  the  action  of 
(ong  sulphuric  acid  hsematin  may  be  robbed  of  all  its  iron.  It  still 
^ttos  the  feature  of  possessing  colour,  the  solution  of  iron-free  haematin 
nig  a  dark  rich  brownish  red ;  but  is  no  longer  capable  of  combining 
paely  with  oxygen.  This  indicates  that  the  iron  is  in  some  way  associated 
ith  the  peculiar  respiratory  functions  of  haemoglobin ;  though  it  is  ob- 
OQsly  an  error  to  suppose,  as  once  was  thought,  that  the  change  from 
^0008  to  arterial  blood  consists  essentially  in  a  change  from  a  ferrous  to  a 
rncaalt. 

Though  not  crystallizable  itself,  haematin  forms  with  hydrochloric 
id  a  compound,  occurring  in  minute  rhombic  crystals,  the  so- 
iled haemin  crystals. 

The  spectrum  of  hsematin  in  an  alkaline  solution  (Fig.  41)  gives  one 
oad  band  to  the  red  side  of  the  line  D.  The  blue  end  of  the  spectrum 
ffonB  much  absorption,  and  since  the  characteristic  single  band  is  faint, 
d  only  seen  in  concentrated  solutions,  the  whole  appearance  of  the 
Bctrom  of  haematin  in  far  les8  striking  than  that  of  haemoglobin.  The 
lution*  are  dichroic,  of  a  reddish  brown  in  a  thick,  and  of  an  olive  green 
a  thin  layer.  The  spectrum  of  reduced  haematin  is  marked  by  two  faint 
^  to  the  blue  side  of  the  single  band  of  the  unreduced  haematin ; 
J^  is  at  the  same  time  less  absorption  of  the  blue  end.  The  spectrum  of 
^  haamatin,  i.e.  of  haematin  prepared,  as  spoken  of  above,  by  treat- 
)Qt  with  acetic  acid  and  ether,  is  marked  by  a  very  characteristic  and 
■iiy  seen  band,  a,  in  the  red,  to  the  blue  side  of  C  (Fig.  41).     This 

^  Die  Blut  KryitalU,  1871. 


280  HJEMOOLOBIlSf.  [E^n. 

lieematin  band  readily  appears,  wlien  hsemoglobin  Ib  acted  upon  by  vak 
acids,  and  hence  is  seen  when  carbonic  acid  is  passed  for  some  time  tbioogli- 
haemoglobin.    A  wholly  similar  band,  however,  makes  its  appearsnoe  when, 
blood  is  acted  upon  for  some  time  by  ammonium  solphidey  or  when  bloo<l- 
is  allowed  to  stand  for  any  length  of  time,  or  after  the  actiou  of  ira»]^ 
alkalis ;  in  these  cases  it  is  supposed  to  indicate  the  existence  of  a  bjpo- 
thetical  body  methsemoglobin,  an  intermediate  stage  which  hiemoglobin  iiS 
supposed  to  pass  through  on  its  way  to  be  split  up  into  hematin  and  tk^ 
proteid  body«    When  hsematin  or  heemoglobin  is  dissolved  in  oonoentntecS. 
sulphuric  acid,  a  s})ectrum  is  obtained^  on  diluting  with  the  acid,  resemblin^S 
but  in  some  points  differing  from  that  of  acid  haematin  as:  given  in  %  41  -^ 
The  iron-free  h^matin,  obtained  by  preeipitating  with  a  large  qiian%<»» 
water  the  solution  of  haematin  or  hisMBoglobin  in  concentrated  sulphoiMi^ 
acid,  also  gives  in  ammoniacal  and  in  acetic  acid  solutions  spectra  difierin^' 
in  minor  points  only  from  the  same  spectrum.    Preyer*  believes  that  Std»^ 
acid  heematin,  Lt,  the  substance  in  solution  in  the  ether  added  to  bloo& 
treated  with  acetic  acid,  is  in  reality  irou-free  hematin,  or,  aa  he  prefo  t(^ 
call  it,  hcBTnatoin,     Haematin  also  forms  a  special  compound  with  a  chMn^^ 
teristic  spectrum,  when  acted  on  by  potassium  cyanide.     Hoppe-Seyler'  bjr 
treating  reduced  haemoglobin  with  acids  or  alkalis,  in  the  total  abeenoeof 
oxygen,  obtained  a  colouring  body,  with  a  characteristic  spectrum,  to  whid) 
he  gave  the  name  of  haemochromogen,  regarding  it  as  the  substauoe,  fonn- 
ing  part  of  haemoglobin,  which  by  oxidation  passes  into  haematin. 

In  coDclusion,  the  condition  of  oxygen  in  the  blood  is  as  follows. 
Of  the  whole  quantity  of  oxygen  in  the  blood,  only  a  noLinut^  fiaction 
is  simply  absorbed  or  dissolved,  according  to  the  law  of  pressoreB 
(the  Henry-Daltcm  law).  The  great  mass  is  in  a  state  of  com- 
bination with  the  haemoglobin,  the  connection  being  of  such  a 
kind  that  while  the  haemoglobin  reaxlily  combines  with  the  oxyeen 
of  the  aix  to  which  it  is  exposed,  dissociation  readily  occurs  at  W 
pressures,  or  in  the  presence  of  indifferent  gases,  or  by  the  action,  of 
substances  having  a  greater  afSnity  for  oxygen  than  has  haemoglobin 
itself.  The  difference  between  venous  and  arterial  blood,  as  far  as 
oxygen  is  concerned,  is  that  while  m  the  latter  there  is  an  insignifi- 
cant quantity  of  reduced  haemoglobin,  in  the  former  there  is  » 
great  deal ;  and  the  characteristic  colours  of  venous  and  arterial 
blood  are  in  the  main  due  to  the  fact  that  the  colour  of  reduced 
haemoglobin  is  purple,  while  that  of  oxy-haemoglobin  is  scarlet 

The  relations  of  the  Carbonic  Acid  in  the  Blood. 

Of  the  total  quantity  of  carbonic  acid  which  can  be  extracted 
from  blood,  by  far  the  greater  part  is  given  off  to  the  mercurial 
vacuum.  It  is  only  a  small  portion  (2  to  5  vols,  per  cent.)  which 
needs  the  addition  of  an  acid  to  drive  it  off.  These  two  (juantities 
of  the  gas  may  be  distinguished  by  the  names  'loose,'  and  *  fixed/ 
or  'stable.'     Like  the  oxygen,  the  loose  carbonic  acid  is,  for  the 

1  Die  BlutkryttalU  (1871),  p.  181.  .«  UnUnueh.,  it.  (ISH)  640. 
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pari,  not  simply  dissolved  in  the  blood ;  the  absorption  of  it 
not  follow  the  law  of  pressures.  The  absorption  of  carbonic 
1  however  is  not  so  specially  connected  with  the  corpuscles  as  is 
^  of  oxygen ;  for  serum  absorbs  carbonic  nearly  as  readily  is  the 
i  ire  blood,  the  quantity  absorbed  by  equal  volumes  of  serum  alone 
of  blood  differing  very  slightly.  What  constituent  or  consti- 
o^ts  of  both  serum  and  the  corpuscles  thus  render  blood  capable 
absorbing  so  much  more  than  simple  water,  is  not  exactly  known. 


was  suggested  by  Fernet  thai  sodium  carbonate  will  take  up  another 
L  '^aleni  of  carbonic  anhydride,  and  so  become  sodium  bicarbonate,  and 
»  m  solution  of  sodium  phosphate  will  take  up  carbonic  acid  in  the  pro- 
Aon  of  one  eqtiiTalent  of  the  acid  to  two  of  the  salt,  2P0^Na,H 
fci,0,  =  2P0;NaHj  +  CNa^O, ;  but  in  these  combinations  the  carbonic 
i  requires  for  disaociation  very  low  pressures,  and  besides,  the  sodium 
^phate,  though  pcesent  in  the  ash,  i&  not  a  constituent  of  natural  blood, 
'phosphates  of  the  ash  being  largely  due  to  oxidation  of  the  phosphorus 
^lie  lecithin  of  the  corpuscles.  It  has  been  suggested  that  the  car- 
talc  acid  may  be  associated  with  some  of  the  proteid  substances  in  the 
ffum  or  corpuscles,  €.g,  the  globulin;  bat  exact  knowledge  on  this  point 
I  wanting. 

The  rekUions  of  the  Nitrogen  in  the  Blood, 

The  small  quantity  of  this  gas  which  is  present  in  both  arterial 
md  venous  blood  «eems  to  exist  partly  in  a  state  of  simple  solution, 
xutly  in  some  loose  chemical  combination,  but  the  conditions  of  the 
ssociation  are  unknown. 


Sec.  4.    The  Respiratobt  Changes  in  the  Lunqs. 

The  entrance  of  Oxygen.  We  have  already  seen  that  the  blood 
i  passing  through  the  lungs  takes  up  a  certain  variable  quantity 
rom  8  to  12  p.  c.  vols.)  of  oxygen.  We  have  further  seen  tnat  the 
uantity  so  taken  up,  putting  aside  the  insignificant  fraction  simply 
36orbed,  enters  into  direct  but  loose  combination  with  the  hsemoglo- 
in.  We  have  also  seen  that  at  low  pressures  the  oxygen  is  dissociated 
cm  the  haemoglobin  and  set  free,  but  not  at  high  pressures, 
the  tension  of  the  oxygen  in  the  lungs  is  higher  than  the 
^nsion  of  the  oxygen  in  the  venous  blood  of  the  pulmonary  artery, 
lere  will  be  no  difficulty  in  the  reduced  haemoglobin  of  that 
lood  takine  up  oxygen ;  and  this  may  go  on  until  the  haemoglobin 
r  the  blood  in  the  pulmonary  capillaries  is  all  converted  into  oxy- 
emoglobin,  or  until  the  oxygen  tension  in  the  blood  is  increased 
»  as  to  be  equal  to  that  of  the  air  in  the  lungs.  Now  the 
cygen  in  the  expired  air  amounts  to  about  16  p.  c,  having  lost  4  or 
p.  a  in  the  lungs.  Of  course  the  air  at  the  bottom  of  the  lunss 
iU  contain  still  less  oxygen.    How  much  less  we  do  not  exax^U^ 


282  CHANGES  IN  THE  LUNGS.  [Booin. 

know,  but  we  may  probably  put  the  limit  of  reduction  at  10  p.  c 
We  may  say  then  that  the  tension  of  the  oxygen  in  the  pulmoiuary 
air-cells  is  at  least  10  p.  c. — or,  to  measure  it  in  millimetres  of  mer- 
cury, since  the  .pressure  of  the  one  entire  atmosphere  is  760  mmM 
-j^th  of  that  will  amount  to  76  mm. 

Now  the  tension  of  oxygen  in  the  arterial  blood  of  the  dog 
amounts  to  3*9  p.  c.  (varying  from  5'6  to  2*8),  or  about  30  mm.  oi 
mercury.    That  is  to  say,  the  arterial  blood  of  the  dog  exposed  to  ax>- 
atmosphere  containing  3*9  p.  c.  of  oxygen  neither  gives  off  nor  takes 
up  any  oxygen.    The  tension  of  the  oxygen  in  the  average  venouB 
blood  of  the  dog  amounts  to  2*9  p.  c.  (varying  from  4*6  to  1*3)  - 
Both  these  numbers  are  far  below  10  p.  c. ;  in  fact  we  may  suppose 
the  percentage  of  oxygen  in  the  pulmonary  alveoli  to  be  less  thaXi- 
half  the  amount  stated  above,  and  yet  see  no  difficulty  in  ordinary 
venous  blood  taking  up  oxygen  while  passing  through  the  lung0- 
But  what  takes  place  when  the  tension  of  the  oxygen  in  the  air  i^ 
lowered,  as  when  the  windpipe  is  obstructed,  and  asphyxia  sets  in  ? 
It  has  been  ascertained  that  in  the  dog,  in  the  last  breath  given 
out  in  such  an  asphyxia,  the  expired  air  has  an  oxygen  tension  of 
2*3  p.  c,  and  when  the  heart  ceases  to  beat,  the  oxygen  of  the  pul^ 
monary  air  sinks  to  '403  p.  c.     These  tensions  are  of  course  lower 
than  that  of  ordinary  venous  blood,  but  in  asphyxia  the  blood  is  no 
longer  ordinary  venous  blood ;  instead  of  containing  a  comparatively 
small  amount,  it  contains  a  large  and  gradually  increasing  amount,  of 
reduced  haemoglobin.    And  as  the  reduced  hsemoglobin  increases  io 
amount,  tlie  oxygen  tension  of  the  venous  blood  decreases ;  it  thus 
keeps  below  that  of  the  air  in  the  lungs ;  and  hence  even  the  las*^ 
traces  of  oxygen  in  the  lungs  are  taken  up  by  the  blood,  and  car- 
ried away  to  the  tissues.     Even  with  the  last  heart's  beat,  when  tho 
oxygen  in  the  lungs  has  sunk  to  '403  p.  c,  the  bands  of  oxy-haemo— 
globin  may  still  for  a  moment  be  detected  in  the  blood  of  the  lef^ 
side  of  the  heart'. 

Exit  of  Caxbonic  Acid.    This  presents  greater  difficulties.    Itx 
the  dog  the  tension  of  the  carbonic  acid  in  arterial  blood  has  been- 
estimated  at  28  p. c. ;  and  that  of  venous  blood  from  the  right  sid^ 
of  the  heart  at  5*4  p.  c;  that  is  to  say,  venous  blood  neither  gives 
off  nor  takes  up  carbonic  acid  when  exposed  to  an  atmosphere  con^ 
taining  5'4*  p.  c.  of  that  gas,  while  it  takes  it  up  from  an  atmo- 
sphere containing  more,  and  gives  it  off  to  one  containing  less.    Ii* 
order  that  venous  blood  may  give  up  its  carbonic  acid  to  the  air 
in  the  lungs,  the  latter  must  contain  in  the  dog  less  than  5*4  p.c. 
of  that  gas.     From  Becher's  result  (see  antea  p.  265)  it  was  infen^ 
that  the  air  in  the  pulmonary  cells  has  a  higher  carbonic-acid  ten- 

1  StraflBburg.    Pfluger's  Archiv,  yi.  (1872)  p.  65. 

*  In  Wolffl>urg*B  ex)H>riinents,  see  next  page,  the  percentage  of  oxygen  in  tltf 
secluded  pulmonary  districtf  varied,  at  the  end  of  an  experiment,  from  1*4  to  4*0. 
s  Stroganow.     PHUger's  Archiv,  xii.  (1876)  p.  18. 
^  Wolffberg,  about  S*5,  see  note  2  next  page. 
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>n  than  this,  viz.  7'5  p.  c. ;  hence  arose  the  necessity  of  supposing 
at  while  the  blood  is  travelling  along  the  pulmonary  capillaries, 
tne  event  occurs  which  temporarily  increases  the  carbonic-acid 
naion  in  the  blood.  Thus  it  was  suggested  that,  coincident  with 
d  entrance  of  oxygen,  hsemoglobin  is  in  part  decomposed,  giving 
e  to  an  acid,  which  acting  on  stable  or  fixed  carbonic  acid,  sets  it 
le,  and  so  increases  the  tension.  It  was  also  suggested  that  the 
Imonary  tissue  may  exercise  some  special  action,  that  in  fact  the 
ilmonary  epithelium  is  a  true  secreting  tissue,  and  is  able  to  se- 
3te  carbonic  acid  by  an  active  process  comparable  to  the  secretion 
gastric  juice  or  of  urine.  We  now  however  have  reason  to  think, 
►m  the  researches  of  WolflFberg\  that  in  the  dog,  at  a  time  when 
e  mean  carbonic-acid  tension  of  the  venous  blood  in  the  heart  was 
and  to  be  3*43  p.  c.*,  the  limit  of  tension  in  the  pulmonary  air  was 
certained  to  be  3*56  p.  c,  i,e.  allowing  for  errors  of  observation,  as 
^arly  as  possible  the  same ;  in  other  words,  in  respiration  the  car- 
'Hic  acid  passes  by  simple  diffusion  into  the  pulmonary  air,  until  an 
.uilibrium  of  tensions  is  reached  between  the  blood  and  the  air. 

The  objections  to  Becher's  results  are  that  he  did  not  determine  the 
BOB  of  his  own  blood,  and,  moreover,  by  holding  his  breath  increased  the 
>^«vid  tension  of  carbonic  acid  in  his  venous  blood.  Wolffberg  inserted 
^  a  small  bronchus  a  catheter  aroimd  which  was  arranged  a  small  bag 
Uch  could  be  at  will  inflated  so  as  completely  to  block  up  the  bronchua 
^Ua  without  any  general  disturbance  of  breathing,  he  was  able  to  stop  the 
Si^eKs  of  fresh  air  into  a  limited  portion  of  the  pulmonary  tissue.  After 
^pee  of  five  minutes,  allowing  ample  time  for  equilibrium  to  be  esta- 
'^ed  between  the  aii*  in  the  isolated  portion  of  lung  and  the  venous 
^H>d,  the  air  was  withdrawn  by  the  catheter  and  analysed. 

The  arguments  in  favour  of  a  specific  action  of  the  pulmonary  epithelium 
^  derived  from  the  experiments  of  J.  J.  Mttller',  who  found  that  more 
"^^nic  acid  was  given  ofi*  when  blood  was  sent  through  the  lungs  than 
^«Q  simply  agitated  with  air.  The  scarcity  of  protoplasm  in  the  thin  pul- 
>*Ury  epithelium  opposes  such  a  view. 

Ill  favour  of  the  idea  that  the  entrance  of  oxygen  has  an  efiect  on  the 
"^ing  free  of  the  carbonic  acid,  may  be  quoted  the  facts  that  the  carbouio- 
4  tension  of  venous  blood  is  found  to  be  greater  when  determined  by  the 
^'^tion  of  the  blood  with  air  contaiuing  oxygen  than  when  air  free  from 
^gen  is  used,  and  that  the  carbonic-acid  tension  of  serum  is  less  than 
^'%  of  the  entire  blood,  and  is  increased  by  the  addition  of  blood-cor- 
^^les.  It  IS  also  asserted  that  the  stable  carbonic  acid  is  less  in  arterial 
^^  in  venous  blood,  as  if  during  the  conversion  some  had  been  set  free. 

It  may  here  be  noted  that,  according  to  Strassburg^,  the  carbonic-acid  ten- 
^  rises  rapidly  as  coagulation  sets  in,  reaching  then  as  much  as  8*13  p. o. 
^i«  rather  favours  the  idea  that  the  carbonic  acid  is  peculiarly  associated 
Ml  tfome  of  the  forms  of  globulin. 

*  Pfluger's  Arehiv,  rr.  (1871)  466,  vi  (1872)  23. 

^  This  was  distinoUy  leas  than  the  average.  Possibly  what  is  stated  above  as  the 
^«rage  is  too  high,  the  animals  suffering  slightly  from  dyspnoea  when  the  blood  was 
tiwn. 

'  Lodwig^f  ArbeiUn,  1869,  p.  S7.  «  Pfluger's  Archiv,  ti.  (1872)  65. 


284  CEAXGES  IF  THE  TISSUES.  [Booft  rL 


Sec.  5.    The  Respiratoby  Chaxoes  in  the  Tissues. 

In  passing  through  the  several  tissues  the  arterial  blood  becoio^ 
once  more  venous.  A  considerable  quantity  of  the  ozy-luemoglobi-^ 
becomes  reduced,  and  a  quantity  of  carbonic  add  passes  from  ll^^ 
tissues  into  the  blood.  The  amount  of  change  varies  in  the  vario^ 
tissues,  and  in  the  same  tissue  may  vaiy  at  differeat  times.  Thus  ^^ 
a  gland  at  rest,  as  we  have  seen,  the  venous  Uood  is  dark,  shewioj 
the  presence  of  a  large  quantity  of  reduced  luemoglobin;  when  tVa. 
gland  is  active,  the  venous  blood  in  its  colour,  and  in  the  amou0 
of  haemoglobin  which  it  contains,  resembles  closely  arterial  bloo^ 
The  blood  therefore  which  issues  from  a  gland  at  rest  is  mxp^ 
'  venous'  than  that  from  an  active  gland,  though  the  total  quantity  ^^ 
carbonic  acid  formed  in  a  given  time  may  be  greater  ib  the  latt9^ 
The  blood,  on  the  other  hand,  which  comes  from  a  contnctiiig  mnscl^ 
is  not  only  richer  in  carbonic  acid,  but  also,  though  not  to  a  corr^ 
sponding  amount,  poorer  in  oxygen  than  the  blood  which  flows  fros^ 
a  muscle  at  rest. 

In  all  these  cases  the  great  question  which  comes  up  for  orm.'^ 
consideration  is  this:  Does  the  oxygen  pass  from  the  blood  into  tk.^ 
tissues,  and  does  the  oxidation  take  place  in  the  tissues,  giving  li^^ 
to  carbonic  acid,  which  passes  in  turn  away  fit>m  the  tissues  int^ 
the  blood  ?  or  do  certain  oxidisable  reducing  substances  pass  froitf 
the  tissues  into  the  bloody  and  there  become  oxidised  into  carbooL^ 
acid  and  other  products,  so  that  the  chief  oxidatioo  takes  place  in  th^ 
blood  itself? 

There  are,  it  is  true,  reducible  substances  io  the  blood,  but  thes^ 
are  small  in  amount,  and  the  quantity  of  carbonic  acid  to  whidfc 
they  give  rise  when  the  blood  containing  them  is  agitated  with  ai^ 
or  oxvju^eu,  is  so  small  as  scareetv  to  exceed  the  errors  of  observation. 


The  conclusion  of  Estor  and  St  Pierre,  that  the  oxygen  diminishes 
in  the  &n^eat  arteries  fiom  the  hetiurt  outwanis^  has  beea  shewn  by  PflCigert«^ 
be  l^tu^xl  on  em>ueoii&  analvses. 

On  the  other  haoiU  it  will  be  remembered  that  in  speaking  9^ 
musolo,  we  drew  attention  to  the  fact  that  a  frog's  muscle  removed 
frvnu  the  IkkIv  coutaiued  no  tree  oxygen  whatever.     None  could  b^ 
obtaiiK\I  tWm  it  by  the  mercurial  air-pump.     Yet  such  a  muscle  will 
prvKlucv  and  dis\.'barge  a  considerable  quantity  of  carbonic  add,  not 
only  while  cvmtnwting,  but  also  when  at  rest.     A  muscle  is  always 

SrvKluoiug  i*arlvuic  acid,  and  when  it  contracts  there  is  a  sod- 
en  and  extensive  iiior^^ase  of  the  normal  production.  Oxygen  is 
mwsiJary  for  the  lite  of  the  muscle :  when  venous  instead  of  artemi 
bUKKl  is  seat  thrvmgh  the  blood-vessels  of  a  muscle,  the  irritability 
sjH*e\lily  disapp^'ars*  and  unless  fresh  oxygen  be  administered  the 
nuisclo  svxui  dies.  It  may  however,  during  the  interval  in  which 
irritability  is  still  retaiuevl  after  the  supply  of  oxygen  has  been  cut 
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>fil  continue  to  contract  vigorously.  The  presence  of  oxygen,  though 
leoessary  for  the  maintenance  of  irritability,  is  not  necessary  for 
be  manifesiaJtion  of  that  irritability,  is  not  necessary  for  that  ez- 
loeive  decomposition  which  developes  a  contraction.  A  frog's 
luacle  will  continue  to  contract  and  to  produce  carbonic  acid  in  an 
axiosphere  of  hydrogen  or  nitrogen,  that  is  in  the  total  absence  of  free 
7^n  both  from  itself  and  from  the  medium  in  which  it  is  placed.  . 
Xf  from  the  fact  that  no  free  oxygen  is  present,  that  the  tension 
'  oacygen  is  nil  in  the  muscle  out  of  the  body,  we  may  infer  that  the 
asde  within  the  body  does  not  permanently  contain  any  quantity 
fjree  oxygen,  it  is  evident  on  the  one  hand  that  this  state  of  things 
most  favourable  for  the  oxygen  of  the  blood  to  pass  from  the 
ood  into  the  muscular  tissue,  and  on  the  other,  that  immediately 
e  oxygen  has  passed,  it  is  in  some  way  fixed  so  as  to  be  no  longer 
movable  by  diminished  tension.  It  is  ftirther  evident  that  in  the 
Ae  of  a  muscle  the  carbonic  acid  comes  direct  from  the  muscle 
self,  and  that  the  oxidation  which  takes  place  occurs  in  the  muscle 
aelf ;  the  respiration  of  muscle  does  not  consist  in  throwing  oxidis- 
>le  substances  into  the  blood,  there  to  be  oxidized  into  carbonic 
id  and  other  matters. 

Our  knowledge  of  the  respiratory  changes  in  muscle  is  more 
plete  than  in  the  case  of  any  other  tissue;  but  we  have  no 
to  suppose  the  phenomena  of  muscle  are  exceptional.  On 
^e  contrary,  all  the  available  evidence  goes  to  shew  that  in  all 
^ues  the  oxidation  takes  place  in  the  tissue,  and  not  in  the  adjoin- 
^  blood.  It  is  a  remarkable  fact,  that  lymph,  serous  fluids,  bile, 
"^ne,  and  the  other  secretions,  contain  no  free  or  loosely  combined 
7S^n,  while  the  tension  of  carbonic  acid  in  peritoneal  fluid  is  as  high 
^  6  per  cent.,  and  in  bile  and  urine  is  still  higher.  The  tension  of 
^bonic  acid  in  lymph,  while  higher  than  that  of  arterial  blood,  is 
'^er  than  that  of  the  general  venous  blood ;  but  this  probably  is  due 
^  the  fact  that  the  lymph  in  its  passage  on  wards  is  lai^ly  exposed  to 
"^rial  blood  in  the  connective  tissues  and  in  the  lymphatic  glands, 
^ere  the  production  of  carbonic  acid  is  slight  as  compared  to  that 
^ing  on  in  muscles.  Strassburg  ^  has  attempted  to  determine  the 
^^^ion  of  carbonic  acid  in  the  intestinal  walls;  the  experiment  is  per- 
^ps  open  to  objection,  but  the  result  is  worth  recording ;  he  found 
^^  tension  to  be  7*7  per  cent.,  t.  e.  higher  than  that  of  the  femoral 
^^Hous  blood.  All  these  facts  point  to  the  conclusion,  that  it  is  the 
^'^^sues,  and  not  the  blood,  which  become  primarily  loaded  with  car- 
^nic  acid,  the  latter  simply  receiving  the  gas  from  the  former  by 
diffusion ;  and  that  the  oxygen  which  passes  from  the  blood  ihto  the 
tiaimes  is  at  once  taken  up  in  some  combination,  so  that  it  is  no  longer 
Immovable  by  diminished  tension. 

As  a  matter  of  fact,  Oertmann'  has  shewn  that  if  in  a  frog,  the  whole 
Uood  of  the  body  be  replaced  by  normal  saline  solution,  the  total  meta- 
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bolism  of  the  bodv  is,  for  some  time,  unchanged.    The  saline  medium  is 
able,  owing  to  the  low  rate  of  metabolism,  and  large  respiratofj  snrftoe  o£ 
the  animal,  to  supply  the  tissues  with  all  the  oxygen  they  need,  and  tc3 
remove  all  the  carbonic  acid  they  produce.     It  is  difficult  to  believ<P  tha'fc-i 
in  such  an  experiment,  the  oxidation  torik  place  in  the  saline  solution  itseX^ 
while  circulating  in  the  blood-vessels  and  tissue^spaces  of  the  animal 

We  may  add,  that  the  blood  itself  removed  from  the  body 

Sractically  no  oxidative  power  at  all  over  substances  which  are  uo. 
oubtedly  oxidized  in  the  body.    If  grape-sugar  be  added  to  blood,  o. 
to  a  solution  of  haemoglobin,  the  mixture  mav  be  kept  foralong  timi 
at  the  temperature  of  the  body»  without  undergoing  oxidation' ; 
even  within  the  body  a  slight  excess  of  sugar  in  the  blood  over  a  oer — 
tain  percentage  wholly  escapes  oxidation,  and  is  dischaiged  unchanged^ 
Many  easily  oxidized  substances,  such  as  pyrogallic  acid,  pass  lar^lj^ 
through  the  blood  of  a  living  body  without  being  oxidized.    Tl^^ 
organic  acids,  such  as  citric,  even  in  combination  with  alkaline  bssefl^^^ 
are  only  partially  oxidized;  when  administered  as  acids,  and  not  as^ 
^Its,  they  are  hardly  oxidized  at  alL     It  is  of  course  quite  pofisible 
that   the  changes   which   the  blood  undergoes  when  shed  might 
interfere  with  its  oxidative  action*  and  hence  the  fact  that  shed 
bUnxI  has  little  or  no  oxidizing  power,  is  not  a  satisfactoiy  jmwf  that 
the  unchanged  blood  within  the  living  vessels  may  not  have  sndi  i 
p<.)wer.     But  did  oxidation  take  place  largely  in  the  blood  itself,  one 
would  expect  even  highly  difi'usible  substances  to  be  oxidized  in  their 
tninsit ;  whereas  if  we  suppose  the  oxidation  to  take  place  in  the 
tissues,  it  b^H.\)mes  intelligible  why  such  diffusible  substances  as  tboae 
which  the  tissues  in  general  refuse  to  take  up  largely,  should  readily 
pass  uuchaugtM.1  from  the  blood  through  the  secreting  organsL 

W'e  bave  seen  that  in  muscle  the  production  of  carbonic  acid 
is  not  dirt\.'tly  dep^'nJent  on  the  consumption  of  oxygen.  The 
iiuiscle  produces  cu.rb4.>uic  acid  in  an  atmosphere  of  hydrogen. 
AVluit  is  true  of  mu>cle  is  true  also  of  other  tissues  and  of  the 
IkkIv  at  large.  Spallauzani  and  W.  Edwards  shewed  long  ago  that 
auiuials  might  continue  to  breathe  out  carbonic  acid  in  an  atmosphere 
of  iiitroiThMi  or  hvJr«.^or«en:  and  receutlv  Pflii:2:er'  has  shewn,  by  a 
r^^uiarkablo  exj.)eniueut,  that  a  frog  kept  at  a  low  temperature  will 
live  tor  sovt*rjii  hours,  and  continue  to  pnxluce  carbonic  acid  in  an 
atmosphere  absolutely  free  from  oxygen.  The  carbonic  acid  produced 
during  this  p«:Ti».Hi  was  mavle  by  help  of  the  oxygen  inspired  in 
the  hours  anterior  to  the  ci.>mmencenieut  of  the  experiment  "The 
oxygt»u  tht'u  absorbed  was  stowed  away  fn)m  the  haemoglobin  into 
the  tissues,  it  w;is  made  use  y}i  t«.>  build  up  the  explosive  compounds^ 
wIk^s<»  explosions  later  oti  gave  rise  t<y  the  ciubonio  acid ;  or.  to  adopt 
IMuger^s  simile,  the  oxygeu  helps  to  wind  up  the  vital  clock ;  but 
oucv  wound  up  the  cloek  will  g«.^  ou  for  a  periixl  without  farther 
wiudiug.     The  frog  will  continue  to  live,  to  move,  to  produce  car 
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lie  acid  for  a  while  without  any  fresh  oxygen,  as  we  know  of  old  it 
1  without  any  fresh  food ;  it  will  continue  to  do  so  till  the  explosive 
apounds  which  the  oxygen  built  up  are  exhausted  ;   it  will  go  on 

the  vital  clock  has  run  down. 

To  sum  up,  then,  the  results  of  respiration  in  its  chemical 
«ct8.  As  the  blood  passes  through  the  lungs,  the  low  oxygen 
sion  of  the  venous  blood  permits  the  entrance  of  oxygen  from  the 
of  the  pulmonary  alveolus,  through  the  thin  alveolar  wall,  through 

thin  capillary  sheath,  through  the  thin  layer  of  blood  plasma, 
t;he  red  corpuscle,  and  the  reduced  haemoglobin  of  the  venous 
od  becomes  wholly,  or  all  but  wholly,  oxy-haemoglobin.  Hurried 
tie  tissues,  the  oxygen,  at  a  comparatively  high  tension  in  the 
^rial  blood,  passes  largely  into  the  tissue,  in  which  the  oxygen 
sion  is  alwavs  kept  at  an  exceedingly  low  pitch,  by  the  fact 
t;  the  tissue,  m  some  way  at  present  unknown  to  us,  packs  away 
every  moment  into  some  stable  combination  each  molecule  of 
gen  which  it  receives  from  the  blood.  With  much  but  not  all  of 
oxy-haemoglobin  reduced,  the  blood  passes  on  as  venous  blood. 
w  much  haemoglobin  is  reduced  will  depend  on  the  activity  of 

tissue  itself.  The  quantity  of  haemoglobin  in  the  blood  is  the 
asore  of  limit  of  the  oxidizing  power  of  the  body  at  large ;  but 
•hin  that  limit  the  amount  of  oxidation  is  determined  by  the 
me,  and  by  the  tissue  alone. 

Thoagh  the  quantity  of  carbonic  acid  expired  (p.  266)  may  be  tempo- 
ilj  increased  by  an  increase  of  the  respiratory  movements,  this,  accord- 
\  to  Pfltlger,  is  to  be  regarded  as  the  result  of  increased  ventilation 
'her  than  of  increased  metabolic  production.  This  physiologist'  has 
)nght  forward  strong  evidence  in  favour  of  the  views  urged  by  him  that 
itker  the  extent  of  the  respiratory  movements  nor  the  velocity  of  the 
^  of  blood  are  to  be  regarded  as  prime  factors  determining  the  amount 
general  metabolisoL  It  is  according  to  him  the  quicker  metabolism 
ich  determines  the  more  active  circulation  and  the  more  vigorous  respi- 
ion ;  not  vice  vend. 

We  cannot  trace  the  oxygen  through  its  sojourn  in  the  tissue. 
3  only  know  that  sooner  or  later  it  comes  back  as  carbonic  acid 
d  other  matters  not  now  under  consideration).  Owing  to  the 
itinual  production  of  carbonic  acid,  the  tension  of  that  gas  in  the 
ravascular  elements  of  the  tissue  is  always  higher  than  that  of 
I  blood  ;  the  gas  accordingly  passes  from  the  tissue  into  the  blood, 
I  the  venous  blood  passes  on  not  only  with  its  haemoglobin 
uced,  but  with  its  carbonic-acid  tension  increased.  Arrived  at 
lungs,  the  blood  finds  the  pulmonary  air  at  a  lower  carbonic- 
1  tension  than  itself.  The  gas  accordingly  streams  through  the 
Q  vascular  and  alveolar  walls,  till  the  tension  without  the  blood- 
sel  is  equal  to  the  tension  within.     Thus  the  air  of  the  pulmonary 
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alveoli,  having  given  np  oxygen  to  the  blood  and  taken  op  carixnue 
acid  from  the  blood,  having  a  higher  carUhiic  add  tensKm  and  t 
lower  oxygen  tension  than  the  tidal  air  in  the  Ixondiial  pasBago^ 
mixes  rapidly  with  this  by  diffusion.  The  mixtue  is  furth^  aasirted 
by  ascending  and  descending  cnrrenta ;  and  the  tidal  air  isaaea  from 
the  chest  at  the  breathii^  oat  poorer  in  oxygra  and  richer  in  ctf- 
bonic  acid  than  the  tidal  air  which  entered  at  the  breathing  in. 

M 

Sec.  6.    The  Nervous  MECHANisac  or  Bespibatiox. 

Breathing  is  an  involuntary  act  Thongh  die  diaphragm  and  aD 
the  other  muscles  employed  in  respiration  are  voluntary  muscles,  if. 
muscles  which  can  be  called  into  action  by  a  direct  efiiirt  of  the  wiD, 
and  though  respiration  may  be  modified  within  very  wide  limits  b^ 
the  will,  yet  we  habitually  breathe  without  the  intervention  of  the 
will:  the  normal  breathing  may  continue,  not  only  in  the  aheenceof 
consciousness,  but  even  after  the  removal  of  all  the  parts  of  the  bnin 
above  the  medulla  oblongata. 

We  have  already  seen  how  complicated  is  even  a  simple  respiia- 
tory  act.  A  very  large  number  of  muscles  are  called  into  play. 
Many  of  these  are  very  far  apart  from  each  other,  such  as  the 
diaphragm  and  the  nasal  mascles;  yet  they  act  in  harmonioos 
sequence  in  point  of  time.  If  the  lower  intercostal  musdea  ooQ- 
tracted  before  the  scaleni,  or  if  the  diaphragm  contracted  while 
the  other  chest-muscles  were  enjoying  an  interval  of  rest,  the 
satisfactory  entrance  and  exit  of  air  would  be  impossibla  These 
muscles  moreover  are  coordinated  also  in  respect  of  the  amount  of 
their  several  contractions ;  a  gentle  and  ordinary  contraction  of  the 
diaphragm  is  accompanied  by  gentle  and  ordinary  contractions  of  the 
intercostals,  and  these  are  preceded  by  gentle  and  ordinary  coo- 
tractions  of  the  scalenL  A  forcible  contraction  of  the  scaleni,  followed 
by  simply  a  gentle  contraction  of  the  intercostals,  would  hinder 
rather  than  assist  inspiration.  Further,  the  whole  complex  inspiiv 
tory  effort  is  followed  by  a  less  marked  but  still  complex  expiratoiy 
action.  It  is  impossible  that  all  these  so  carefully  coordinated  mus- 
cular contractions  should  be  brought  about  in  any  other  way  than  by 
coordinate  nervous  impulses  descending  along  efferent  nerves  from  a 
coordinating  centre.     By  experiment  we  find  this  to  be  the  case. 

When  in  a  rabbit  the  trunk  of  a  phrenic  nerve  is  cut,  the  dis" 
phragm  on  that  side  remains  motionless,  and  respiration  goes  oo 
without  it.  When  both  nerves  are  cut,  the  whole  diaphragm  remain 
quiescent,  though  the  respiration  becomes  excessively  laboured. 

The  occasioDal  slight  rhythmic  movemeuts  of  the  diaphragm  observed 
by  Brown-Sdquard,  after  section  of  the  i)lireiiic,  interesting  fjrom  another 
point  of  view,  do  not  militate  against  the  above  statement. 

When  an  intercostal  nerve  is  cut  no  active  respiratory  movement 
is  seen  in  that  space,  and  when  the  spinal  cord  is  divided  below  the 
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1  of  the  seventh  cervical  spinal  •  nerve^  costal  respiration  ceases, 
rh  the  diaphragm  continues  to  act  and  that  with  increased 
ir.  When  the  cord  is  divided  just  below  the  medulla,  all 
cic  movements  cease,,  but  the  respiratory  actions  of  the  nostrils 
glottis  still  continue.  These  however  disappear  when  the  facial 
'ecurrent  laryngeal  are  divided.  We  have  already  stated  that 
removal  of  the  brain  above  the  medulla,  respiration  still  con- 
8  very  much  as  usual,  the  modifications  which  ensue  from  loss 
e  brain  being  unessential.  Hence,  patting  all  these  facts  to- 
ir,  it  is  clear  that  in  respiration,  coordinated  impulses  do,  as  we 
»ted,  descend  from  the  medulla  along  the  several  efferent 
is.  The  proof  is  completed  by  the  fact  that  the  removal  or 
7  of  the  medulla  alone  at  once  stops  all  respiratory  movements, 
though  eveiy  muscle  and  every  ner^e  concerued  be  left  intact, 
more,  if  only  a  small  portion  of  the  medulla,  a  tract  whose 
B  are  not  as  yet  exactly  fixed,  but  which  lies  below  the  vaso- 
»r  centre^,  between  it  and  the  calamus  scriptorius,  be  removed  or 
ed,  respiration  ceases  for  ever,  though  every  other  part  of  the 
be  left  intact.  When  this  spot  is  excised  or  injured,  breathing 
loe  ceases,  and  since  the  inhibitory  vagus  centre  is  c^enerally  at 
ame  time  stimulated,  and  the  heart's  beat  arrested,  death  ensues 
Qtaneously.  Hence  this  portion  of  the  nervous  system  was 
1  by  Flourens  the  vital  knot,  or  ganglion  of  life,  jumd  vital.  We 
speak  of  it  as  the  respiratory  centre.  The  nature  of  this  centre 
;  be  exceedingly  complex;  for  while  even  in  ordinary  respiration 
res  rise  to  a  whole  group  of  coordinate  nervous  impulses  of  inspi^ 
n  followed  in  due  sequence  by  a  smaller  but  still  coordinate 
p  of  expiratory  impulses,  in  laboured  respiration  fresh  and 
tr  impulses  are  generated,  though  still  in  coordination  with  the 
lal  ones,  the  expiratory  events  being  especially  augmented;  and 
emore  extreme  cases  of  dyspnoea  and  asphyxia  impulses  overflow, 
speak,  from  it  in  all  directions,  though  only  gradually  losing 
coordination,  until  almost  every  muscle  in  the  body  is  thrown 
contractions. 

lie  first  question  we  have  to  consider  is.  Are  we  to  regard  the 
unic  action  of  this  respiratory  centre  as  due  essentially  to 
ges  taking  place  in  itself,  or  as  due  to  afferent  nervous  impulses 
her  stimuli  which  affect  it  in  a  rhythmic  manner  from  without? 
her  words.  Is  the  action  of  the  centre  automatic  or  purely  reflex? 
enow  that  the  centre  may  be  influenced  by  impulses  proceeding 
without,  and  that  the  breathing  may  be  affected  by  the  action 
e  will,  or  by  an  emotion,  or  by  a  dash  of  cold  water  on  the  skin, 
X  a  hundred  other  ways;  but  the  fact  that  the  action  of  the 
«  may  be  thus  modified  from  without,  is  no  proof  that  the  con- 
ince  of  its  activity  is  dependent  on  extrinsic  causes. 
ti  attempting  to  decide  this  question  we  naturally  turn  to  the 
mogastnc  as  being  the  nerve  most  likely  to  serve  as  the  channel 

^  See  aiOea^  p.  158. 
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of  afferent  impulses  settiDg  in  action  the  respiratory  centre.  If  both 
vagi  be  divided,  reRpiration  still  continues  though  in  a  modified  fona. 
This  proves  distinctly  that  afferent  impulses  ascending  those  nerres 
are  not  the  efficient  cause  of  the  respiratory  movements.  We  have 
seen  that  when  the  spinal  cord  is  divided  below  the  medulla^  tke 
facial  and  laryngeal  movements  still  continue.  This  proves  that  tho 
respiratory  centre  is  still  in  action,  though  it»  activity  is  unable  to 
manifest  itself  in  any  thoracic  movement  But  when  the  cord  Is 
thus  divided  the  respiratoiy  centre  is  cut  off  from  all  sensory 
impulses,  save  those  which  may  pass  into  it  from  the  cranial  nems  ; 
and  the  division  of  these  cranial  nerves  in  no  way  destroys  re8|Nni'' 
tion.  Hence  it  is  clear  that  the  respiratoiy  impulses  proceedm^ 
from  the  respiratory  centre  are  not  simply  afferent  impulses  readung* 
the  centre  along  afferent  nerves  and  transformed  by  reflex  action  iiB* 
that  centre.  Ihey  evidently  start  de  novo  from  the  centre  itselC 
however  much  their  characters  may  be  affected  by  afferent  impulses 
reaching  that  centre  at  the  time  of  their  being  generated.  Tb^ 
action  of  the  centre  is  automatic,  not  simply  reflex. 

Among  the  afferent  impulses  which  affect  the  automatic  action  oT* 
the  centre,  the  most  important  are  those  which  ascend  along  tbo 
vagi.  If  one  vagus  be  divided,  the  respiration  becomes  slower;  iT 
both  be  divided,  it  becomes  very  slow,  the  pauses  between  expiradtHL 
and  inspiration  being  excessively  prolonged.  The  character  of  tbe 
respiratory  movement  too  is  markedly  changed,  each  respiration  is 
fuller  and  deeper,  so  much  so  that  what  is  lost  in  rate  is  gamed  in  ex- 
tent, the  amount  of  carbonic  acid  produced  and  oxygen  consamed  in 
a  given  period  remaining  after  division  of  the  nerves  about  the  SBine 
as  when  they  were  intact.  It  is  evident  from  this,  in  the  first  jdao^ 
that  during,  life  afferent  impulses  are  continually  ascending  the  vagi 
and  modifying  the  action  of  the  respiratory  centre,  and  in  the  second 
place,  that  the  modification  bears  simply  on  the  distribution  in  time 
of  tbe  efferent  respiratory  impulses,  and  not  at  all  on  the  amoant  to 
which  they  are  generated.  These  afferent  impulses  are  probably 
started  in  the  lungs  by  the  condition  of  the  blood  in  the  pmmonaiy 
capillaries  acting  as  a  stimulus  to  the  peripheral  endings  of  the  nerves, 
though  possibly  tbe  altered  air  in  the  air-cells  may  also  act  as  a  sti- 
mulus on  the  nerve-endings. 

It  has  been  suggested  that  the  mere  movements  of  expansion  snd 
conti'action  may  also  serve  as  a  stimulus.  According  to  Hering  and  Breoer  t 
when  air  is  mechanically  driven  into  the  chesty  an  expiratory  movemfot 
follows,  and  when  air  is  drawn  out,  an  inspiratory ;  and  this  not  only  ^ 
atmosphei-ic  air  but  with  indifferent  gases,  such  as  nitrogen ;  when  botD 
vagi  are  cut,  these  effects  do  not  appear.  They  infer  from  this,  that  tie 
mere  mechanical  expansion  of  the  lungs  transmits  along  the  vagus  sa 
impulse  tending  to  inliibit  inspiration  and  to  generate  an  expiration,  s^ 
the  mechanical  contraction  of  the  lung  an  impulse  tending  to  inhibit 

1  Wien  Sitzungsbericht,    Nov.  6, 1868. 
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>ixation  and  to  generate  an  inspiration.  Hence  according  to  them  the 
y  expansion  of  Uie  lungs,  which  is  the  natural  effect  of  an  inspiration, 
6Le  of  itself  to  cut  short  that  inspiration  and  to  inaugurate  the  sequent 
fixation,  and  similarly  the  contraction  of  an  expiration  promotes  the 
[>^ing  inspiration.  They  speak  in  &ct  of  the  lungs  as  being  so  far 
-inoculating.  This  view,  however,  though  very  interesting  can  perhaps 
ily  at  present  be  regarded  as  proved  ^ 

'V^ben  the  central  stump  of  one  of  the  divided  vagi  is  stimulated 
bn  a  gentle  interrupted  current,  the^  respiration,  which  from  the 
jsion  of  the  nerves  had  become  slow,  is  quickened  again ;  and 
bi  care,  by  a  proper  application  of  the  stimulus,  the  normal  respi- 
wrj  rhythm  m^y  for  a  time  be  restored.    Upon  the  cessation  of 

stimulus,  the  slower  rhythm  returns.  If  the  current  be  increased 
ri^irength,  the  rhythm  may  in  some  cases  be  so  accelerated  that  at 

'tJie  diaphragm  is  brought  into  a  condition  of  prolonged  tetanus, 
Si  standstill  of  respiration  in  an  extreme  inspiratoiy  phase  is  the 
lit. 

Tf  the  central  end  of  the  superior  laryngeal  branch  of  the  vagus  be 
:i.xilated,  whether  the  main  trunk  of  the  nerve  be  severed  or  not,  a 
vruig  of  the  respiration  takes  place,  and  this  may  by  proper  stimu- 
oz%  be  carried  so  far  that  a  complete  standstill  of  respiration  in  the 
iB<e  of  rest  is  brought  about,  \,e.  the  respiratory  apparatus  remains 
ihe  condition  which  obtains  at  the  close  of  an  ordinary  expiration, 
a  diaphragm  being  completely  relaxed.  In  other  words,  the 
perior  laiyngeal  nerve  contains  fibres,  the  stimulation  of  which 
educes  afferent  impulses  whose  effect  is  to  inhibit  the  action  of  the 
sBpiratory  centre ;  while  the  main  trunk  of  the  vagus  contains  fibres, 
be  stimulation  of  which  produces  afferent  impulses  whose  effect  is  to 
locelerate  or  augment  the  action  of  the  respiratory  centre.  In  some 
sttfles  stimulation  of  the  main  trunk  of  the  vagus  also  causes  a  slowing 
^  even  standstill  of  the  respiration,  especially  when  the  nerve  has 
^^oome  exhausted  by  previous  stimulation.  We  may  explain  these 
^^ts  by  supposing  that  while  the  superior  laryngeal  contains  only 
^bitoiy  fibres,  the  main  trunk  of  the  va^us  contains  both  accele- 
*Uig  and  inhibitory  fibres,  the  former  however  greatly  prepon- 
^•^tmg.  While,  from  the  results  of  simple  section  of  the  main 
^tik,  it  is  clear  that  the  accelerating  fibres  are  continually  at  work, 
^  not  so  clear  that  the  inhibitory  fibres  are  always  in  action,  since 
^^on  even  of  both  superior  laryngeals  does  not  necessarily  quicken 
Miration. 

TFhe  statement  made  above,  if  not  wholly  satisfactory,  has  at  least  the 
"^t  of  reconciling  conflicting  statements.  For  a  long  time  a  controversy 
^  carried  on  between  those  authors  who  maintained  that  stimulation  of 
^  central  end  of  the  vagus,  when  the  nerve  was  divided  in  the  neck, 
yught  about  a  tetanic  contraction  of  the  diaphragm  and  so  had  an  in- 
l^tiSory  effect^  and  those  who  observed  a  complete  relaxation  to  follow 

< 

1  Oattmaim,  Dn  Boi(-Be;moiid'B  Arehiv,  1876,  p.  600. 
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upon  stimulation  and  80  regarded  the  effect  as  expiratory.    We  ue  in- 
debted to  Bosenthal^  for  pointing  out  the  conizttft  between  the  action  of 
the  main  trunk  of  the  vagus  and  that  of  the  superior  laiyDgeal  bnnch ; 
and   the  view  just  put  forward  in  the  text  is  in  the    main  tint  of 
Hosenthal,  except  so  far  as  the  existence  of  any  inhibitoiy  fibres  at  all 
in  the  main  trunk  is  concerned.     We  further  owe  to  Boeenthal  a  001&* 
sistent  theory  of  the  manner  in  which  the  vagus  acts  on  the  respiiatory 
centre.     According  to  him  we  may  regard  the  respiratory  centre  as  the 
seat  of  two  conflicting  forces,  one  tending  to  generate  respiratoiy  impolsesy 
and  the  other  offering  resistance  to  the  generation  of  these  impulses,  ito 
one  and  the  other  alternately  gaining  the  victory  and  thus  leading  to 
a  rhythmic  discharge.     The  afferent  impulses  passing  upward  along  tto 
main  trunks  of  the  vagi  are  further  to  be  looked  upou  as  acting  not  on. 
the  generation  of  impulses  but  on  the  resistance  offered  by  the  centR, 
diminishing  that  resistance  in  proportion  to  their  intensity.     Kence  when, 
the  vagi  are  divided,  the  central  resistance  is  inoreased,   owing  to  th9 
absence  of  the  dimiaishing  effect  of  the  usual  afferent  impulses,  and  in. 
consequence,  the  respiititory  impulses  take  a  longer  time  in  gathering  heai 
sufficient  to  overcome  the  increased  resistance  and  therefore  are  less  fre- 
quent, though  the  discharge  when  it  does  occur  is  proportionately  xasn 
forcible.     Stimulation  of  the  divided  vagi  on  the  other  hand  by  increasiog 
the  afferent  impulses  and  so  diminishing  the  central  resistance  rendm 
the  discharges  more  frequent.     The  impulses  which  ascend  to  the  medulla 
along  the  superior  larjmgeal  branches  may  in  like  manner  be  regarded 
as  increasing  the  central  resistance,  and  thus  as  inhibitory  of  the  reqi- 
ratory  discharge. 

It  is  obvious  that  this  theory,  though  constructed  chiefly  with  the  viev 
of  explaining  inspiratory  impulses  and  their  inhibition,  must^  in  order  to 
be  satisfactory,  also  include  the  consideration  of  distinctly  expiratorf  in- 
pulses.  For  in  laboured  respiration  we  must  in  some  way  or  other  admit 
the  existence  of  specific  expiratory  impulses,  and  if  Hering  and  Breuer^s 
view  be  correct,  the  vagus  must  even  in  ordinary  breathing  be  the  chaosel 
of  stimuli  which  excite  expiratory  impulses.  Rosenthal  regards  the  expi- 
ratory regions  of  the  respiratoiy  centre  as  being  less  irritable  and  requiriog 
a  stronger  stimulus  than  the  inspiratory  regions,  and  therefore  broogli^ 
into  play  to  any  extent  only  when  the  blood  is  less  arterial  than  usual 

Stimulation  of  tlie  central  end  of  the  inferior  laryngeal  is  said  to 
have  an  inhibitory  effect  like  that  of  the  superior  laryngeal,  but  mndi 
slighter'. 

This  double  or  alternate  respiratory  action  of  the  vagi  maybe 
taken  as  in  a  general  way  illustrative  of  the  manner  in  which  other 
afferent  nerves  and  various  parts  of  the  cerebrum  are  enabled  to 
influence  respiration,  this  or  that  afferent  impulse,  started  by  a 
stimulus  applied  to  the  skin  or  elsewhere,  or  by  an  emotion  an<l 
the  like,  playing,  according  to  circumstances,  now  an  inhibitory  bow 
an  accelerating  part.  As  we  know  from  daily  experience,  of  all  the 
apsycbical  nervous  centres,  the  respiratory  centre  is  the  one  which 

1  Die  Athemhewegungent  1862,  and  Du  Bois-Beymond's  Archiv,  1864.  p.  456:  1865, 
p.  191 ;  1870,  p.  423. 

*  lioseuthttl,  AutoinaL  Nerven- Central  1876. 
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most  frequently  and  most  deeply  affected  by  nervous  impulses 
»zii  various  quarters. 

The  one  thing,  however,  which  above  others  affects  the  respiratory 
ci.'tre,  is  the  condition  of  the  blood  in  respect  to  its  respiratory 
Bi.iiges ;  the  more  venous  (less  arterial)  the  blood,  the  greater  is  the 
ivity  of  the  respiratory  centre.  When  by  reason  either  of  any 
^drance  to  the  entrance  of  air  into  the  chest,  or  of  a  greater 
piratory  activity  of  the  tissues,  as  during  muscular  exertion, 
>  blood  becomes  less  arterial,  more  venous,  i,e.  with  a  smaller 
^:rge  of  oxyhaemoglobin  and  more  heavily  laden  with  carbonic 
d,  the  respiration  from  being  normal  becomes  laboured.  This 
^<st  of  deficient  arterialization  of  blood  is  very  different  from  that 
^^ction  of  the  va^ ;  it  is  no  mere  change  in  the  distribution  of 
c>mil8es ;  the  breathing  is  quicker  as  well  as  deeper,  there  is  an 
■r<ea8e  of  the  sum  of  efferent  impulses  proceeding  from  the  centre, 
i  the  expiratory  impulses,  which  in  normal  respiration  are  very 
lixi,  acquire  a  pronounced  importance.  Ab  the  blood  becomes,  in 
ee  of  obstruction,  less  and  less  arterial,  more  and  more  venous,  the 
:^liarge  from  the  respiratory  centre  becomes  more  and  more  vehe- 
and  instead  of  confining  itself  to  the  usual  tracts,  and  passing 
to  the  ordinary  respiratory  muscles,  overflows  into  other  tracts, 
^8  into  action  other  muscles,  until  there  is  perhaps  hardly  a  muscle 
^be  body  which  is  not  made  to  feel  its  effects.  And  this  dis- 
^•K^e  may,  as  we  shall  see  in  speaking  of  asphyxia,  continue  till  the 
"v-ous  energy  of  the  respiratory  centre  is  completely  exhausted. 
^^  effect  of  venous  blood  then  is  to  augment  these  natural  ex- 
^Te  decompositions  of  the  nerve-cells  of  the  respiratory  centre 
uob  give  rise  to  respiratory  impulses ;  it  increases  their  amount, 
d  also  quickens  their  rhythm.  The  latter  change  however  is 
^ys  much  less  marked  than  the  former,  the  respiration  in  dyspnoea 
'*i^f  much  more  deepened  than  hurried,  and  the  several  respiratory 
^  are  never  so  much  hastened  as  to  catch  each  other  up,  and  so  to 
"^uce  an  inspiratory  tetanus  like  that  resulting  from  stimulation  of 
^©  vagus.  On  the  contrary,  especially  ias  exhaustion  begins  to  set 
^  tile  rhythm  becomes  slower  out  of  proportion  to  the  weakening  of 
^Q  individual  movements. 

There  seem  to  be  two  distinct  kinds  of  dyspnoea.  In  one  with  in- 
['^naed  depth  the  rhythm  is  not  proportionately  quickened  or  may  even  be 
^YiiiniBhed.  Thus  in  the  dyspnoea  caused  by  section  of  the  phrenic  nerves, 
'^^  liiythm  falb  notably  \  In  the  other,  which  may  l)e  called  the  asth- 
^tio  type,  the  rhythm  is  hurried,  while  the  depth  of  each  breath  is  not 
K^creased  but,  in  many  cases  at  least,  diminished. 

On  the  other  hand,  the  blood  may  be  made  not  more  but  less 
venous  than  usual.  This  condition  may  be  brought  about  by  an 
mimal  being  made  to  inspire  oxygen,  or  to  breathe  for  a  time  more 
apidly  and  more  forcibly  than  the  needs  of  the  economy  require. 

^  Porkinje,  quoted  by  Hering  and  Breoer,  Op.  eiu 
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If  in  a  rabbit  artificial  respiration  is  carried  on  very  vigorously  for  a 
while,  and  then  suddenly  stopped,  the  animal  does  not  immediately 
begin  to  breathe.    For  a  variable  period  no  respiration  takes  jdaoe  at 
all,  and  when  it  does  begin  occurs  gently  and  normally,  only  paanng 
into  dyspnoea  if  the  animal  is  unable  to  breathe  of  itself,  and  tkea 
quite  gradually.    Evidently  during  this  period  the  respiratory  centre 
is  in  a  state  of  complete  rest,  no  explosions  are  taking  place,  no 
respiratory  impulses  are  being  generated,  and  the  quiet  transition  from, 
this  condition  to  that  of  normal  respiration  shews  that  the  subsequent 
generation  of  impulses  is  attended  by  no  great  disturbance.    The 
cause  of  this  state  of  things,  which  is  known  as  that  of  apncBa,i8  tobe 
sought  for  in  the  condition  of  the  blood.    By  the  incresused  vigour  of 
the  artifical  respiratoiy  movements  the  hamoglobin  of  the  arterial 
blood,    which    is    naturally  not  quite    saturated,  becomes  almost 
completely  so,  and  the  dissolved  oxygen  is  incveased,  its  tensioa 
being  largely  augmented.    Respiration  is  arrested  because  the  blood 
is  more  highly  arterialiced  than  usual    Thus  we  have  in  apncea  the 
converse  to  dyspnoea ;  and  both  states  point  to  the  same  condosion, 
that  the  activity  of  the  respiratory  ^centre    is  dependent  on  the 
condition  of  the  blood,  being  augmented  when  the  blood  is  less 
arterial  and  more  venous,  being  depressed  when  it  is  more  arterial 
and  less  venous  than  usual. 

The  question  now  arises,  Does  this  condition  of  the  blood  affect 
the  respiratory  centre  directly,  or  does  it  produce  its  effect  by 
stimulating  the  peripheral  ends  of  afferent  nerves  in  various  parts  of 
the  body,  and,  by  the  creation  there  of  afferent  impulses,  indirectly 
modify  the  action  of  the  centre  ?  Without  denying  the  possibility  that 
the  latter  mode  of  action  may  help  in  the  matter,  as  regards  not  only 
the  vagi,  but  all  afferent  nerves,  it  is  clear  from  the  following  reasons 
that  the  main  effect  is  produced  by  the  direct  action  of  the  blood  on 
the  respiratory  centre  itself.  If  the  spinal  cord  be  divided  below  the 
medulla  oblongata,  and  both  vagi  be  cut,  want  of  proper  aeration 
of  the  blood  stiU  produces  an  increased  activity  of  the  respiratoiy 
centre,  as  shewn  by  the  increased  vigour  of  the  facial  respiratoiy 
movements.  If  the  supply  of  blood  be  cut  off  from  the  medulla  br 
ligature  of  the  blood-vessels  of  the  neck,  dyspnoea  is  produced, 
though  the  operation  produces  no  change  in  the  blood  generally, 
but  simply  affects  the  respiratory  condition  of  the  medulla  itselt 
by  cutting  off  its  blood-supply,  the  immediate  result  of  which  is 
an  accumulation  of  carbonic  acid  and  a  paucity  of  available  oxygen 
in  the  protoplasm  of  the  nerve-cells  in  that  region.  If  the  blood  in 
the  carotid  artery  in  an  animal  be  warmed  above  the  normal, 
dyspnoea  is  at  once  produced.  The  over-warm  blood  hurries  on  the 
activity  of  the  nerve-cells  of  the  respiratory  centre,  so  that  the 
normal  supply  of  blood  is  insufficient  for  their  needs.  The  condition 
of  the  blood  then  affects  respiration  by  acting  directly  on  the  respira- 
tory centre  itself. 

Deficient  aeration  produces  two  effects  in  blood :  it  diminishes  the 
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oiy;gen,  and  increases  the  carbonic  add.    Do  both  of  these  changes 

aflfect  the  respiratory  centre,  or  only  one,  and  if  so,  which  ?    When 

ID    animal  is  made  to  breathe  an  atmosphere  containing  nitrogen 

onljr,  the  exit  of  carbonic  acid  by  diffusion  is  not  prevented,  and  the 

blood  contains  no  excess  of  carbonic  acid^.    Tet  all  the  phenomena  of 

dyspnoea  are  present.    In  this  case  these  can  only  be  attributed  to 

the  <leficien(y  of  oxygen.  On  (the  other  hand,  if  an  animal  be  made  to 

biea^the  an  atmosphere  rich  'in  carbonic  acid,  but  at  the  same  time 

eon.taiining  abunduice  of  oxygen,  true  dyspnoea  does  not  occur.     The 

anixnal  suffers  from  symptoms  similar  to  tnose  caused  by  the  poisons 

knourn  as  narcotia    It  becomes  sleepy,  drowsy,    and  finally  un- 

oooscious,  but  though  the  respiration  is  modifiedi  actual  dyspnoea 

and    asphyxia  are  not  produced.    The  carbonic  acid  acts  on  some 

portions  of  the  cerebrum,  but  has  no  specific  respiratory  action  on 

ibo  xespiratory  centre.     These  facts  leave  no  doubt  that  the  action 

of  deficiently  arterialized  blood  on  the  respiratory  centre,  as  mani- 

{oBted  in  an  augmentation  of  the   respiratory  explosions,   is  due 

pnxnarily  to  a  want  of  oxygen,  and  not  to  an  excess  of  carbonic  acid. 


SEa  7.    The  Effects  of  Respiration  on  the  Cibcuuition. 

We  have  seen,  while  treating  of  the  circulation,  that  (the  blood- 

pressure  curves  are  marked  by  undulations,  which,  since  their  rhythm 

18  synchronous  with  that  of  the  respiratory  movements,  are  evidently 

in  some  way  connected  with  respiration.    When  the  brain  of  a  living 

mammal  is  exposed  by  the  removal  of  the  skull,  a  rhythmical  rise 

and  £Edl  of  the  cerebral  mass,  a  pulsation  of  the  brain,  is  observed ; 

and  upon  examination  it  will  be  found  that  these  pulsations  are 

michronous  with  the  respiratory  movements,  the  brain  rising  up 

during  expiration  and  sinking  during  inspiration.    They  disappear 

when  the  arteries  goin^  to  the  brain  are  ligatured,  or  when  the 

venous  siniises  of  the  dura  mater  are  laid  open  so  as  to  admit  of  a 

firee  escape  of  the  venous  blood.    They  evidently  arise  from   the 

expiratory  movements  in  some  wav  hindering  and  the  inspiratory 

movements  assisting  the  return  of  blood  from  the  brain.     We  have 

already  (p.  106)  stated  that  during  inspiration  the  pressure  of  blood  in 

the  great  veins  may  become  negative,  i.e.  sink  below  the  pressure  of 

the  atmosphere ;  and  a  puncture  of  one  of  these  veins  may  cause 

immediate  death  by  air  being  actually  drawn  into  the  vein  and  thus 

into  the  heart  during  an  inspiratory  movement     When  the  veins  of 

an  animal  are  laid  bare  in  the  neck  and  watched,  the  so-called  pulsus 

venosus  may  be  observed  in  them,  that  is,  they  swell  up  during 

expiration  and   diminish  again  during  inspiration.    And  indeed  a 

little  consideration  will  shew  that  the  expansion  and  contraction  of 

the  chest  must  have  a  decided  effect  on  the  flow  of  blood  through  the 

1  Pfliiger,  PftUger'i  Arehiv,  i.  (1S6S)  p.  61. 
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thoracic  portion  and  thnfi  indirectly  through  the  whole  of  the  yascdlar 
system. 

The  heaxt  and  great  Uood-vessels  are,  like  the  lon^  placed  io 
the  air-tight  thoracic  cavity,  and  are  subject  like  the  lungs  to  tho 
pumping  action  of  the  respiratory  movements.    Were  ihe  longs 
entirely  absent  from  the  chest,  the  whole  force  of  the  expansion  of" 
the  thorax  in  inspiration  would  be  directed  to  drawing  blood  from, 
the  extra-thoracic  vessek  towards  the  heart,  and  conversely  th^ 
effect  of  the  contraction  of  the  thorax  in  expiration  would  be  t<^ 
drive  the  blood  back  again  from  the  heart  towards  the  extra-thoracLcs 
vessels.     In  the  presence  of  the  lungs  however  the  free  entrance  of 
air  into  the  interior  of  the  chest  tends  to  maintain  the  pressure 
around  the  heart  and  great  vessels  within  the  thorax  equal  to  th^ 
ordinary  atmospheric  pressure  on  the  vessels  of  the  rest  of  the  body 
outside  the^  thorax ;  but  it  is  unable  completely  to  equalize  the  two 
pressures.    Did  the  air  enter  as  freely  into  the  lungs  as  it  does  into 
the  pleural  cavities  when  wide  openings  are  made  in  thoracic  walla, 
the  respiratory  movementa  would  have  very  little   e£fect  indeed 
on  the  flow  of  blood  to  and  from  the  heart,  just  as  under  similar 
circumstances  (p.  255)  they  would  be  ineffectual  in  promoting  the 
entrance  and  exit  of  air  to  and  from  the  lungs.    But  the  air  does  vA 
pass  into  the  pulmonaiy  alveoli  as  freely  as  it  would  do  into  a 
pleural  cavity  through  an  opening  in  the  thoracic  walL    Before  the 
inspired  air  can  fill  a  pulmonary  alveolus,  the  walls  of  the  alveolus 
have  to  be  distended  at  the  expense  of  the  pressure  which  causes  As 
inspiM  air  to  enter.    Fart  of   the  atmospheric  pressure  in  bd 
which  causes  the  entrance  of  the  air  into  the  lung  is  spent  in  over- 
coming the  elasticity  of  the  pulmonary  passages  and  cells.    Conse- 
quently,  any  structure  lying  within  the  thorax  but  outside  the 
lungs,  is  never,  even  at  the  conclusion  of  an  inspiration  when  the 
luDga  are  filled  with  air,  subject  to  a  pressure  as  great  as  that  of  the 
atmosphere.     The  pressure  on  such  a  structure  always  falls  short  of 
the  pressure  of  the  atmosphere  by  the  amount  of  pressure  necessary 
to  counterbalance  the  elasticity  of  the  pulmonary  passages  and  cells 
And,  since  the  fraction  of  the  atmospheric  pressure  which  is  thus 
spent  in  distending  the  lungs  increases  as  the  lungs  become  more 
and  more  stretched,  it  follows  that  the  fuller  the  inspiration  the 
greater  is  the  difference  between  the  pressure  on  structures  outside 
the  lungs  but  within  the  thorax  and  the  ordinary  pressure  of  the 
atmosphere.    Now  we  have  seen  (p.  255)  that  the  pressure  necessary 
to  counterbalance  the  elasticity  of  the  lungs,  when  they  are  com- 
pletely at  rest  (in  the  pause  between  expiration  and  inspiration),  is 
in  man  about  5  to  7  mm.  of  mercury,  and  that  when  the  lungs  are 
fully  distended,  as  at  the  end  of  a  forcible  inspiration,  the  pressure 
rises  to  as  much  as  30  mm.  of  mercury.     Hence  at  the  height  of  a 
forcible   inspiration  the   pressure  exerted  on  the  heart   and  great 
vessels  within  the  thorax  is  30  mm.  less  than  the  ordinary  atmospheric 
pressure  of  760  mm.,  and  even  when  the  chest  is  completely  at  rest, 
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;  the  end  of  an  expiration,  the  pressure  on  the  heart  and  great 
!ssels  is  slightly  (by  about  5  mm.  mercury)  below  that  of  the 
osphera 

During  an  inspiration  then  the  pressure  around  the  heart  and 
i  blood-Tesseb  becomes  considerably  less  than  that  of  the 
osphere  on  the  vessels  outside  the  thorax.  During  expiration 
pressure  returns  towards  that  of  the  atmosphere,  but  in  ordinary 
thing  never  quite  reaches  it  It  is  only  m  forcible  expiration 
the  pressure  on  the  thoracic  vascular  organs  exceeds  that  of  the 
osphere.  But  if  during  inspiration  the  pressure  bearing  on  the 
ih^i  auricle  and  the  venae  cavse  becomes  less  than  the  pressure 
ii-ch  is  bearing  on  the  jugular,  subclavian,  and  other  veins,  outside 
^  thorax,  this  must  result  in  an  increased  flow  from  the  latter 
to  the  former.  Hence,  during  each  inspiration  a  larger  quantity 
L  V>lood  enters  the  right  side  of  the  heart.  This  probably  leads  to 
•  stronger  stroke  of  the  heart,  and  at  all  events  causes  a  larger 
ipantity  to  be  ejected  by  the  right  ventricle;  this  causes  a  larger 
i^antity  to  escape  from  the  left  ventricle,  and  thus  more  blood  is 
wTown  into  the  aorta,  and  the  arterial  tension  proportionately  in- 
creased. During  expiration  the  converse  takes  place.  The  pressure 
on  the  intra-thoracic  blood-vessels  returns  to  the  normal,  the  flow  of 
Jdood  from  the  veins  outside  the  thorax  into  the  venae  cavse  and 
light  auricle  is  no  longer  assisted,  and  in  consequence  less  blood 
passes  through  the  heart  into  the  aorta,  and  arterial  tension  falls 
i^n.  During  forced  expiration,  the  intza-thoracic  pressure  nuy  be 
K)  great  as  to  aflbrd  a  distinct  obstade  to  the  flow  from  the  v^aAtinto 
he  heart. 

The  e£fect  of  the  respiratory  movements  on  the  arteries  is  natu- 
ally  di£ferent  from  that  on  the  veins.  During  inspiration,  the  aortic 
irchy  from  the  diminution  of  pressure  outside  it,  tends  to  expand ;  in 
onsequence  the  pressure  of  blood  within  it,  i.e.  the  arterial  tension, 
ends  to  diminish.  During  expiration,  the  increase  of  pressure  out- 
ide  the  aortic  arch  of  course  tends  to  increase  also  the  blood- 
ffeamire  within  it,  acting  in  fact  just  in  the  same  way  as  if  the  coats 
f  the  aorta  themselves  contracted.  Thus  the  effects  of  the  respira- 
(ny  movements  on  the  great  veins  and  great  arteries  respectively, 
re,  as  far  as  arterial  blood-pressure  is  concerned,  antagonistic  to  each 
ther;  the  effect  on  the  veins  being  to  increase  arterial  tension 
oring  inspiration  and  to  diminish  it  during  expiration,  while  the 
ffoct  on  the  arteries  is  to  diminish  arterial  tension  during  inspira- 
icm  and  to  increase  it  during  expiration.  But  we  should  naturally 
xpect  the  effect  on  the  thin-walled  veins  to  be  greater  than  that  on 
he  stout  thick-walled  arteries,  so  that  the  total  effect  of  inspiration 
roald  be  to  increase,  and  the  total  effect  of  expiration  to  diminish, 
rierial  tension. 

These  £buH»  seem  at  flrst  sight  to  afford  a  ready  explanation  of 
be  respiratory  undulations  of  the  blood-pressure  curve ;  the  rise  of 
resrare  in  each  undulation  might  be  supposed  to  be  due  to  the 
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inspiratory,  the  fall  to  the  expiratory  movement.  When  however  tha 
respiratory  undulations  of  the  blood-pressure  curve  are  compaied 
carefully  with  the  variations  of  intra-thoracic  pressure,  it  is  Been 
that  neither  the  rise  nor  the  fall  of  the  former  are  exacik  syn- 
chronous with  either  diminution  or  increase  of  the  latter.    Fig:  42 


FlO.  42.     GOMPABISOH  OF  BlOOD-PbB88UBI  CT7BYB  WITH  OURyB  OV  IXTBi-TBOBAOO 

Pbesbusx.    To  be  read  from  left  to  right. 

a  is  the  blood-piessnre  eorre,  with  its  respiratory  nndolatioiui,  the  dower  bMboi 
the  descent  being  very  marked,  h  is  the  onrve  of  intra-thoraoto  pressure  obtainei  If 
connecting  one  limb  of  a  manometer  with  the  pleural  cavity.  Ixupiration  begins  it  it 
expiration  at  e.  The  intra-thoracic  pressure  rises  yery  rapidUy  after  the  cessation  of  tlis 
inspiratoiy  effort,  and  then  slowly  f aUs  as  the  air  issaes  from  uie  chest ;  ivt  the  >Mfr'*"^ 
of  the  inspiratory  effort  the  fall  beoemes  more  rapid. 

shews  two  tracings  from  a  dog  taken  at  the  same  time,  one,  a»  b^ 
the  ordinary  blood-pressure  curve  from  the  carotid,  and  the  other, 
hy  representing  the  condition  of  the  intra-thoracic  pressure,  as  ob- 
tained by  carefully  biinging  a  manometer  into  connection  with  the 
pleural  cavity.  On  comparing  the  two  curves,  it  is  evident  that 
neither  the  maximum  nor  the  minimum  of  arterial  pressure  comcides 
exactly  either  with  inspiration  or  with  expiration.  At  the  beginning 
of  inspiration  [i)  the  arterial  pressure  is  seen  to  be  falling ;  it  soon 
however  begins  to  rise,  but  does  not  reach  the  maximum  until  some 
time  after  expiration  {e)  has  begun ;  the  fall  continues  during  the 
remainder  of  expiration,  and  passes  on  into  the  succeeding  inspii»" 
tion.  In  order  to  reconcile  the  facts  represented  by  these  curves 
with  the  mechanical  explanation  given  above,  we  must  suppose  that 
the  beneficial  efieots  of  the  inspiratory  movement  in  the  larger 
supply  of  blood  brought  to  the  heart,  take  some  time  to  develope 
themselves,  and  last  beyond  the  movement  itself. 

But  there  are  phenomena  which  shew  that  the  respiratory  undu- 
lation is  more  complex  in  its  causation  than  would  at  first  sight 
appear ;  that  other  influences  besides  simply  mechanical  ones  are  at 
work.  One  striking  feature  of  the  respiratory  undulation  in  the 
blood-pressure  curve  of  the  dog  is  the  fact  that  the  pulse-rate  is 
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ikened  during  the  rise  of  the  undulation  and  becomes  slower 
ng  the  fall  The  quickening  of  the  beat  might  be  considered  as 
f  partly  accounting  for  the  rise,  were  it  not  for  two  facts.  In  the 
it,  the  respiratory  undulations,  though  well  marked,  present  a 
small  difference  of  pulse-rate  in  the  rise  and  falL  In  the  dog, 
difference  is  at  once  done  away  with,  without  any  other  essential 
Lge  in  the  undulations,  by  section  of  both  vagi.  Evidently  the 
er  pulse  during  the  fall  is  caused  by  a  coincident  stimulation  of 
cardio-inhibitory  centre  in  the  medulla  oblongata,  the  quicker 
e  during  the  rise  being  due  to  the  fetct  that,  during  that  interval, 
centre  is  comparatively  at  rest.  We  have  here  most  impor- 
indications  that,  while  the  respiratory  centre  in  the  medulla 
ngata  is  at  work,  sending  out  rhythmic  impulses  of  inspiration 
expiration,  the  neighbouring  cardio-inhibitory  centre  is,  as  it 
3  by  sympathy,  thrown  into  an  activity  of  such  a  kind  that  its 
lence  over  the  heart  waxes  and  wanes  with  each  respiratory 
ement. 

But  if  the  cardio-inhibitory  centre  is  thus  synchronously  affected, 
bt  we  not  to  expect  that  the  vaso-motor  centre  should  also  be 
>l?ed  in  the  action?  We  have  very  clear  evidence  that  it  is. 
en,  in  an  animal  under  urari,  artificial  is  substituted  for  natural 
ttration,  undulations  of  the  blood-pressure  curve  are  observed 
\.  43,  1)  similar  in  •character  to,  though  less  in  extent  than,  those 
I  under  natural  conditions.  Now  in  artificial  respiration,  the 
thanical  conditions,  under  which  the  thoracic  viscera  are  placed 
regards  pressure,  are  the  exact  opposite  of  those  existing 
ing  natural  respiration;  for  the  pressure  within  the  chest  is 
ei^  instead  of  diminished,  when  air  is  blown  into  the 
hea  to  distend  the  lungs.  Evidently  the  respiratory  uudu- 
>D8  of  blood-pressure  which  occur  during  artificial  respiration 
Qot  be  explained  on  the  same  mechanical  grounds. 
Moreover,  similar  undulations  are  witnessed  in  the  absence  of  all 
dilatory  movements,  and  are  also  seen  when  the  chest  is  opened, 
heart  removed,  and  .an  artificial  circulation  of  blood  kept  up  by 
ms  of  a  mechanical  pump.  In  this  case  they  cannot  be  at  all 
Elected  with  events  gomg  on  in  the  chest;  they  must  be  dependent 
rariations  in  the  peripheral  resistance  of  the  vascular  system. 
When  artiBcial  respiration  is  stopped,  a  very  large  but  steady  rise 
pressure  is  observed.  This  may  be  in  part  due  to  the  increased 
9  of  the  cardiac  beat,  caused  by  the  increasingly  venous  character 
be  blood ;  but  onlv  in  part,  and  that  a  small  part.  The  rise  so 
lessed  is  very  similar  to  that  brought  about  by  powerfully  stimu- 
ig  a  number  of  vaso-constrictor  nerves;  and  there  can  be  no  doubt 
it  is  due  to  the  venous  blood  stimulating  the  vaso-motor  centre 
!ie  medulla,  and  thus  causing  constriction  of  the  small  arteries  of 
body.  We  say  'stimulating  the  vaso-motor  centre,'  because, 
igh  possibly  the  venous  blood  may  act  directly  on  loccd  periphe- 
tnechanisms,  or  on  the  muscular  coats  of  the  small  arteriea  iVi^m* 
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Fio.  13.    Tudbs'b  Gcsna.    To  be  read  from  left  to  right. 

The  oatvei  1,  S,  S,  4,  6,  were  ttkea  at  intervBls,  and  ell  (onn  put  of  a 
ment.    Each  curve  is  placed  in  it>  proper  poHition  relative  to  tho  Mae  line. 
eave  ipaoe,  ia  omitted.    Dnring  1,  artLfidal  retpinttion  «ai  kept  vp,  the 
visible  are  therefore  not   doe   to  the  mechanical   aotion  of  the  obert. 
artificial  respiration  was   eaepended  these  ondolatioiiB  tor  a  while  diiappt 
the  bJood-picBsare  roes  eteadii;  while  the  heart-beats  became  elower.    Scon, 
ia  curve  2,  the  undulations  re-appeared.    A.  little  later,  the  blood-pnunn 
risiof;,  the  he&rt-beats  still  slower,  but  the  nndulationa  atill  obriona  (< 
later  (curve  i).  the  preeiitire  was  still  higher,  but  the  heart-beata  wera  qi 
aadDlations   flatter.    The  preBSure  then  b^an  to  tall  rapidly  («nm  6), 
tinned  to  fall  until  some  time  alter  artificial  respintion  wai  reamned.  i 

selves,  the  fact  that  the  rise  of  pressure  under  these  circumstuicet » 
a  very  slight  oue  when  the  spinal  cord  has  been  previously  dindtd 
below  the  medulla,  shews  that  it  is  the  centre  its^  which  plaji  tbe 
chief  part.  Similarly,  section  of  the  spinal  cord,  it  is  said,  oblitente* 
or  largely  diminishes  the  undulations  seen  in  artificial  respirati<si 
Moreover,  though  when  artificial  respiration  is  suddenly  stopped,  the 
respiratory  undulations  cease  also,  the  blood-pressure  curve  risng 
steadily  in  almost  a  straight  line ;  yet  after  a  while  new  undulatioot, 
the  so-called  Traube's  curves,  make  their  appearance  (Fig.  43,  %  3)i 
veiT  similar  to  the  previous  ones,  except  that  their  curves  are  laijjo 
and  of  a  more  sweeping  character.  These  new  undulations — whidi, 
since  they  appear  in  the  absence  of  all  thoracic  movements,  paadn 
or  active,  and  are  witnessed  even  when  both  vagi  are  cut,  must  be  rf 
vaso-motorial  origin — are  maintained  as  long  as  the  blood-pressore 
continues   to   rise.      With    the  increasing  veuosity  of   the  blood, 
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however,  both  the  vaso-motor  centre  and  the  heart  become  ex- 
hausted; the  undulations  disappear,  and  the  blood-pressure  rapidly 
sinks.  Relying  on  the  obvious  nature  of  these  curves  of  Traube,  we 
are  led  to  the  view  that  the  rhythmic  undulations  seen  in  artificial 
respiration  are  due  to  a  rhythmic  stimulation  of  the  vaso-motor 
centre,  a  stimulation  which  is  dependent  for  its  amount  on  the 
venous  character  of  the  blood  circulating  through  the  medulla  oblon- 
gata. And  if  this  is  the  case  with  artificial  respiration,  we  may  infer 
that  a  similar  rhythmic  stimulation  of  the  vaso-motor  centre  is  in 

Kat  least  the  cause  of  the  undulations  seen  during  natural 
Jhing.  Hence  the  peculiar  features  of  these  undulations  may 
be  considered  as  due  partly  to  the  mechanical  conditions  of  the  flow 
of  blood  through  the  thorax,  and  partly  to  a  rhythmic  stimulation 
both  of  the  vaso-motor  centre  and  of  the  cardio-inhibitory  centre, 
synchronous  as  far  as  the  mere  repetition  of  the  rhythm  is  concerned 
with  the  stimulation  of  the  respiratory  centre  itself. 

Fnnke  and  Latschenberger'  have  brought  forward  the  ingenious  sugges- 
tkni  that  the  mere  expansion  and  collapse  of  the  lungs,  whether  brought 
about  by  thoracic  aspirations  as  in  natural,  or  by  tracheal  pressure  as  in 
tttificial  respiratioD,  by  affecting  the  capacity  of  the  pulmonary  capillaries, 
iwdifies  the  flow  through  the  lungs  from  the  right  to  the  lefl  side  of 
^  bearty  and  so  produces  variations  in  arterial  pressure.     They  argue 
thii  the  act  of  expansion  of  the  lungs,  by  stretching  and  thus  narrowing 
tbe  pulmonary  capillaries,   forces  an   extra  quantity  of  blood  from  the 
f^pUaries  into  the  left  side  of  the  heart   and  so  increases  the  pressure 
^  the  aorta ;  and  conversely  in  the  expiratory  collapse  of  the  pulmonary 
'hieoli,   the    capillaries   in    regaining  their  normal  width  are  able  for 
we  time  being  to  hold  in  themselves  a  larger  quantity  of  blood,  and  so 
^  ndnoe  the  flow  into  the  lefl  auricle  and  to  diminish  temporarily  the 
^vterial  pressure.     It  follows  of  course  that  the  permanent  condition  of 
^sptnaion  is  (with  narrow  capillaries)  imfavourable,  and  that  of  expiration 
(with  wider  capillaries)  favourable  to  the  flow  of  blood  £rom  the  nght 
to  tiie  left  side  of  the  heart,  so  that  the  immediate  results  of  each  kmd 
of  movement  are  in  time  followed  by  effects  of  an  opposite  kind.     And 
the  authors,  by  help  of  these  views,  offer  very  ingenious  explanations  of 
the  variations  in  blood-pressure  which  accompany  variations  in  the  rh3rthm 
lod  character  of  the  respiratory  movements.     But  further  experiments 
•ad  criticism  are  necessary  before  their  theory  can  be  accepted,  as  they 
propose^  as  a  substitute  for  the  vaso-motor  theory,  or  even  as  demon- 
•timting  the  presence  of  a  third  factor  in  the  production  of  the  undulations. 
It  may  be  remarked  that  in  the,  development  of  Traube's  curves  the 
vaso-motor  centre  manifests  a  rhythm  of  its  own.     The  action  of  the  stimu- 
lus^ vis.  of  the  venous  blood,  is  constant,  yet  the  activity  of  the  centre  rises 
and  fidls  in  periods  determined  by  itself:  in  other  words,  the  vaso-motor 
centre,  like  so  many  other  centres,  is  capable  of  manifesting  a  rhythmic 
aatomatiam.     Since  however  in  natural  respiration  the  rhythm  of  the  vaso- 
motor centre  is  synchronous  with  that  of  the  respiratory  centre  (though 
the  maximum  of  activity  does  not  fall  exactly  at  the  same  time  in  each), 

1  Pfliiger'i  Archiv,  xr.  (1877)  405. 
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••.iii<t  :siip|H)se  that  the  latter  is  able  by  irradiation  or  in  some  other  vay 
rt.;:ul;ico  the  rhythm  of  the  former,  and  thus  to  bring  it  into  harmony 

U  lia*  boea  suggested  tliat  the  increased  frequency  of  beat  during  the 
• -s(i>nuorv  phase  may  be  due  to  the  mechanical  distension  of  the  lung^i 
•viicivov  iirtorent   impulses   are   transmitted   aloDg   the  vagus,  vhich  bj 
•  liiMtiug  the  cartlio-inhibitory  centre  cause  an  increased  frequency  of  beat* 
■•u:  '.lio  cxiH?riments  on  which  this  view  is  based  are  not  conclusive. 


Sa\  ^.    The  Effects  of  Changes  ix  the  Air  breathed. 

Tlie  Effects  of  deficient  Air.    Asphyxia. 

When,  on  account  of  occlusion  of  the  trachea,  or  by  breathing 
A  cvuriuod  space,  a  due  supply  of  air  is  not  obtained,  normal  respift*-^ 
tiou  ixives  place  through  an  intermediate  phase  of  dyspnosa  to  th. 
tvuvlitiou  known  as  asphyxia;  this,  unless  remedial  measures  t 
token,  rapidly  proves  fatal. 

Phenomena  of  Asphyxia.    As  soon  as  the  oxygen  in  the  arterial 
bkHKl  sinks  below  the  normal,  the  respinatory  movements  become 
Jooper  and  at  the  same  time  more  frequent;  both  the  inspirator^ 
iiuJ  expiratory  phases  are  exaggerated,  the  supplementary  muscled 
spoken  of  at  p.  262  are  brought  into  play,  and  the  rate  of  the  rhythitx 
is  hurried.     In  this  respect,  dyspnoea,  or  hyperpncea  as  this  first; 
stage  has  been  called,  contrasts  very  strongly  with  the  peculiar  respi- 
latory  condition  caused  by  section  of  the  vagi,  in  whicn  the  respira- 
tory movements,  while  much  more  profound  than  the  normal,  are 
diminished  in  frequency. 

As  the  blood  continues  to  become  more  and  more  venous  the 
yespiratory  movements  continue  to  increase  both  in  force  and  fre- 
quency, a  larger  number  of  muscles  being  called   into  action  and 
Jbat  to  an  increasing  extent.    Very  soon,  however,  it  may  be  observed 
^at  the  expiratory  movements  arc  becoming  more  marked  than  the 
^piratory.     Every  muscle  which  can  in  any  way  assist  in  expiration 
jg  in  turn  brought  into  play ;  and  at  last  almost  all  the  muscles  of 
llie  body  are  involved  in  the  struggle.     The  orderly  expiratory  movo- 
jnents  culminate  in  exj>iratory  convulsions,  the  order  and  sequence  of 
^hich  is  obscured  by  their  violence  and  extent.    That  these  conviil- 
^jiyiiBy  through  which  dyspncea  merges  into  asphyxia,  are  due  to  a 
4illiuIation  of  the  medulla  oblongata  by  the  venous  blood,  is  proved 
^  the  fact  that  they  fail  to  make  their  appearance  when  the  spinal 
^  has  been  previously  divided  below  the  medulla,  though  they 
flecur  after  those  portions  of  the  brain  which  lie  above  the  me- 
pave  been  removed.     It  is  usual  to  speak  of  a  'convulsive  cen- 
'  medulla,  the  stimulation  of  which  gives  rise  to  these 
\t  if  we  accept  the  existence  of  such  a  centre  we  must 
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at  the  same  time  admit  that  it  is  comiected  bj  the  closest  ties 

with  the  normal  expiratory  division  of  the  respiratory  centre,  since 

every  intervening  step  may  be  observed  between  a  simple  slight 

expiratory  movement  of  normal  respiration  and  the  most  violent 

oonTulsion  of  asphyxia.    An  additional  proof  that  these  convulsions 

are   carried  out  by  the  agency  of  the  medulla  is  afforded  by  the 

fiict;  that  tx>nvulsions  of  a  wholly  similar  character  are  witnessed 

when  the  supply  of  blood  to  the  medulla  is  suddenly  cut  off  by 

lig^xirturin^  the  olood-vessels  of  the  head.     In  this  case  the  nervous 

oei:i.t;res,  beine  no  longer  furnished  with  fresh  blood,  become  rapidly 

aspliyxiated  through  lack  of  oxygen,  and  expiratory  convulsions  quite 

8iaci.iJar  to  those  of  ordinary  asphyxia,  and  preceded  like  them  by  a 

pasKDg  phase  of  dyspnoea,  make  their  appearance.     Similar  'anaemic' 

convubions  are  seen  after  a  sudden  ana  large  loss  of  blood  from  the 

hod^^  at  large,  the  medulla  being  similarly  stimulated  by  lack  of 

art^wial  blood. 

Such  violent  efforts  speedily  exhaust  the  nervous  system ;  and  the 

ooi^^vulsions  after  being  maintained  for  a  brief  period  suddenly  cease 

and  are  followed  by  a  period  of  calm.    The  calm  is  one  of  exhaustion; 

ihd    papils,  dilated  to  the  utmost,  are  unaffected  by  light ;  touching 

the     cornea  calls  forth  no  movement  of  the  eyelids,  and  indeed  no 

leAex  actions  can  anywhere  be  produced  by  the  stimulation  of  sen^ 

^Tkt,  surfaces.    All  expiratory  active  movements  have  ceased;  the 

iraades  of  the  body  are  flaccid  and  'quiet ;  and  though  from  time  to 

tiocie  the  respiratory  centre  gathers  sufficient  energy  to  develope 

feBpiratory  movements,  these  resemble  those  of  quiet  normal  breath- 

bg,  in  being,  as  far  as  muscular  actions  are  concerned,  almost  entirely 

inspiratory.    Thev  occur  at  long  intervals,  like  those  after  the  section 

of  the  vagi ;  and  like  them  are  deep  and  slow.    The  exhausted  respi- 

ntory  centre  takes  some  time  to  develope  an  inspiratory  explosion ; 

bot  the  impulse  when  it  is  generated  is  proportionately  strong.    It 

aeems  as  if  the  resistance  which  had  in  each  case  to  be  overcome 

was  considerable,  and  the  effort  in  consequence,  when  successful, 

productive  of  a  laxge  effect. 

As  time  goes  on,  these  inspiratory  efforts  become  less  frequent; 
their  rhythm  becomes  irregular;   long  pauses,  each  one  of  which 
aeems  a  final  one,  are  succeeded  by  several  somewhat  rapidly  re- 
peated inspirations.    The  pauses  become  longer,  and  the  inspiratory 
movements  shallower.    Each  inspiration  is  accompanied  by  the  con- 
traction of  accessory  muscles,  especially  of  the  face,  so  that  each 
breath  becomes  more  and  more  a  prolonged  gasp.    The  inspiratory 
gasps  spread  into  a  convulsive  stretching  of  the  whole  body;  and 
witB  extended  limbs,  and  a  straightened  trunk,  with  the  head  thrown 
back,  the  mouth  vridely  open,  the  £Bu;e  drawn,  and  the  nostrils  dilated, 
tbe  last  breath  is  taken  in. 

Thus  we  are  able  to  distinguish  three  stages  in  the  phenomena 
wbibh  result  from  a  continued  deficiency  of  air: — (1)  A  stage  of 
djqHKBa^  characterized  by  an  increase  of  the  respiratory  movements 
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both  of  inspiration  and  expiration.  (2)  A  convulsive  stage,  charac- 
terized by  the  dominance  of  the  expiratory  efforts,  and  cvdminatiog 
in  general  convulsions.  (3)  A  stage  of  exhaustion,  in  which  lingeriog 
and  long-drawn  inspirations  gradually  die  out.  When  brought  about 
by  sudden  occlusion  of  the  trachea  these  events  run  through  their 
course  in  about  4  or  6  minutes  in  the  dog,  and  in  about  3  or  4 
minutes  in  the  rabbit  The  first  stage  passes  gradually  into  the 
second,  convulsions  appearing  at  the  end  of  the  first  minute.  The 
transition  from  the  second  stage  into  the  third  is  somewhat  abnipt, 
the  convulsions  suddenly  ceasing  early  in  the  second  minute.  The 
remaining  time  is  occupied  in  the  third  stage. 

The  duration  of  asphyxia  varies  not  only  in  different  animals  but  in  the 
same  animal  under  different  oircumstanoes.  Newly  bom  and  young  aoimali 
need  much  longer  immersion  in  water  before  death  by  asphyxia  oocors  thia 
do  adults.  Thus  while  in  a  full-grown  dog  recovery  from  drowning  is  on- 
usual  after  \^  minutes,  a  new-bom  puppy  has  been  known  to  bear  an 
immersion  of  as  much  as  50  minutes.  The  cause  of  the  difference  lies  in  the 
fact  that  in  the  young  animal  the  respiratory  changes  of  the  tissues  are  mndi 
less  active.  These  consume  less  oxygen,  and  the  general  store  of  oxygen  in 
the  blood  has  a  less  rapid  demand  made  upon  it.  The  respiratory  actifitjof 
the  tissues  may  also  be  lessened  by  a  deficiency  in  the  circulation  j  hffliee 
bodies  in  a  state  of  sjncope  at  the  time  when  the  deprivatioa  of  ozjgeB 
b^ns  can  endure  the  loss  for  a  much  longer  period  tiian  can  bodies  ii 
which  the  circulation  is  in  full  swing.  There  being  the  same  store  of  oxTgoi 
in  the  blood  in  each  case,  the  quicker  circulation  must  of  necessity  hnng 
about  the  speedier  exhaustion  of  the  store.  In  many  cases  of  drovnio^ 
death  is  hastened  by  the  entrance  of  water  into  the  lungs. 

By  training,  the  respiratory  centre  may  be  accustomed  to  bear  a  acantf 
supply  of  oxygen  for  a  much  longer  time  than  usual  before  dyspnoea  sets  is, 
as  is  seen  in  the  case  of  divers. 

The  phenomena  of  slow  asphyxia,  where  the  supply  of  air  is 
gradually  diminished,  are  fundamentally  the  same  as  those  resulting 
from  a  sudden  and  total  deprivation.  The  same  stages  are  seen,  bat 
their  development  takes  place  more  slowly. 

The  circulation  in  Asphyxia.  If  the  carotid  or  other  artery  of 
an  animal  be  connected  with  a  manometer  during  the  development 
of  the  asphyxia  just  described,  the  following  facts  may  be  observed. 
During  the  first  and  second  stages  the  blood-pressure  rises  rapidlfi 
attaining  a  height  far  above  the  normal.  During  the  third  stage  it 
falls  even  more  rapidly,  repassing  the  normal  and  becoming  nil « 
deatli  ensues.  The  respiratory  undulations  of  the  pressure-curve 
are  abrupt  and  somewhat  irregular,  the  inspiratory  movements  being 
accompanied  by  a  fall  of  pressure.  When  the  animal  has  been 
l^reviously  placed  under  urari,  so  that  the  respiratory  impulses  can- 
not manifest  themselves  by  any  muscular  movements,  the  rise  of 
the  pressure  curve,  as  we  have  already  said,  is  at  first  steady  and 
unbroken,  but  after  a  variable  period  Traube's  curves  make  their 
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ance.  Ab  during  the  third  stage  the  pressure  sinks,  these 
.tions  pass  away. 

e  heart-beats  are  at  first  somewhat  quickened,  but  speedily 
3  slow,  while  at  the  same  time  they  acquire  great  force ;  so  that 
Ise-cunres  on  the  tracing  are  exceedingly  bold  and  striking,  Fig. 
Iven  while  the  blood-pressure  is  sinking,  the  pulse-curves  stUl 
in  somewhat  these  characters ;  and  the  heart  continues  to  beat 
ne  seconds  after  the  respiratory  movements  have  ceased,  the 
I  at  last  rapidly  failing  in  frequency  and  strength, 
the  chest  of  an  animal  be  opened  under  artificial  respiration, 
phyxia  brought  on  by  cessation  of  the  respiration,  it  will  be 
lat  the  heart  during  the  second  and  third  stages  becomes  com- 
gorged  with  venous  blood,  all  the  cavities  as  well  as  the  large 
)eing  distended  to  the  utmost.  K  the  heart  be  watched  to  the 
>f  the  events,  it  will  be  seen  that  the  feebler  strokes  which 
>n  towards  the  end  of  the  third  stage  are  quite  unable  to  empty 
ities;  and  when  the  last  beat  has  passed  away  its  parts  are 
loked  with  blood.  The  veins  spirt  out  when  pricked :  and  it 
requently  be  observed  that  the  beats  recommence  when  the 
istension  of  the  heart's  cavities  is  relieved  by  puncture  of  the 
teasels.  When  rigor  mortis  sets  in  after  death  by  asphyxia, 
t  side  of  the  heart  is  more  or  less  emptied  of  its  contents ;  but 
the  right  side.  Hence  in  an  ordinary  post-mortem  examina- 
i  cases  of  death  by  asphyxia,  while  the  left  side  is  found  compa^ 
y  empty,  the  right  appears  gorged. 

ese  various  phenomena  ^e  probably  brought  about  in  the 
ng  way. 

e  increasingly  venous  character  of  the  blood  augments  the 
of  the  general  vaso-motor  centre,  and  thus  leads  to  a  general 
etion  of  the  small  arteries.  This  is  the  cause  of  the  markedljK 
led  blood-pressure ;  though,  as  we  have  already  said,  possibly 
nous  blood  may  also  act  directly  on  the  peripheral  vaso-motor 
Qism  or  on  the  muscular  arterial  coats,  or  may  even  affect  the 
era!  resistance  by  modifying  the  changes  in  the  capillary 
J,  see  p.  173. 

is  increased  peripheral  resistance,  while  indirectly  (p.  150) 
r  to  augment  the  force  of  the  heart's  beat,  is  a  direct  obstacle 
heart  emptying  itself  of  its  contents.  On  the  other  hand,  the 
ed  respiratory  movements  favour  the  fiow  of  venous  blood 
s  the  heart,  which  in  consequence  becomes  more  and  more 
This  repletion  is  moreover  assisted  by  the  marked  infre^uency 
beats.  This  in  turn  depends  in  part  on  the  cardio-inhibitory 
in  the  medulla  being  stimulated  by  the  venous  blood ;  since 
the  vagi  are  divided  the  infrequency  is  much  less  pronounced, 
I  not  however  disappear  altogether;  and  we  are  therefore  driven 
pose  it  is  in  part  due  to  the  venous  blood  acting  in  an  inhibi- 
anner  directly  on  the  heart  itself  The  increased  resistancQ 
it,  the  augmented  supply  from  behind,  and  the  long  pauses 

P.  20 
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between  the  strokes^  all  concur  in  distending  the  heart  more  and 
more. 

When  the  large  veins  have  become  full  of  blood  the  insjpintory 
movements  can  no  longer  have  their  usual  effect  in  increasmg  iho 
blood-pressure.  The  whole  force  of  the  chest  movement^  as  &r  aB 
the  circulation  is  concerned,  is  spent  in  diminishing  the  pressure 
around  the  large  arteries ;  and  hence  the  sinking  of  the  blood-pres- 
sure during  each  inspiratory  movement. 

The  distension  of  the  cardiac  cavities,  at  first  £Bkvouiable  to  tli< 
heart-beat,  as  it  increases  becomes  injurious.  At  the  same  time  tb< 
cardiac  tissues,  which  at  first  probably  are  stimulated,  after  a  whik 
become  exhausted  by  the  action  of  the  venous  blood ;  and  the  stiokef 
of  the  heart  become  feebler  as  well  as  slower. 

On  account  of  this  increasing  slowness  and  feebleness  of  the 
heart's  beat,  the  blood-pressure,  in  spite  of  the  continued  arterial 
constriction,  begins  to  fall,  since  less  and  less  blood  is  pumped  into 
the  arterial  i^stem ;  the  boldness  of  the  pulse-curves  at  this  stage 
being  chiefly  due  to  the  infre(|uency  of  the  strokes.  *  As  the  quantity 
which  passes  from  the  heart  mto  the  arteries  becomes  less  second  bf 
second,  the  pressure  gets  lower  and  lower,  the  descent  being  assisted 
by  the  exhaustion  of  the  vaso-motor  centre,  until  alm<»t  befbn 
the  last  beats  it  has  simk  to  zero.    Thus  at  the  dose  of  asphyxii^ 
while  the  heart  and  venous  system  are  distended  with  Uood,  the  a^ 
terial  system  is  less  than  normally  full. 

The  Effects  of  an  increased  supply  of  Air.    ApmosoL 

It  is  a  matter  of  common  experience  that  after  several  inspiratoiy 
efforts  of  greater  force  than  ordinary,  the  breath  can  be  held  for 
a  much  longer  time  than  usual.  In  other  words,  by  an  increased 
respiratory  action,  the  blood  can  be  brought  into  such  a  condition 
that  the  generation  of  the  respiratory  impulses  in  the  medulla  is 
delayed  beyond  the  usual  time;  the  desire  to  breathe  can  then 
be  resisted  for  a  longer  time  than  usual.  This  state  of  thingSk 
which  we  can  easily  produce  in  ourselves,  is  the  begiiming  of  that 
peculiar  condition  brought  about  by  a  too  vigorous  respiration,  or 
by  the  inhalation  of  oxygen,  to  which  we  have  already  (p.  298) 
referred  under  the  name  of  'apnoea*.'  The  essential  feature  oif 
apnoea  consists  in  the  blood  containing  for  the  time  being  more 
oxygen  than  usual.  In  consequence  of  this  a  longer  time  is  needed 
before  the  deficiency  of  oxygen  in  the  blood  of  the  capillaries  of 
the  medulla  oblongata,  or  rather  in  the  nerve-cells  constituting  tke 
respiratory  centre,  reaches  the  limit  which  determines  the  discharge 
of  a  respiratory  impulse.  The  molecular  processes  of  these  cells  are 
so  arranged,  that  whenever  the  oxygen  which  is  available  for  their 

^  It  is  to  be  regretted  that  this  name  is  used  by  some  inedioal  antliorities  in  a  mum 
ftlmoBt  identical  with  asphyxia.  In  its  physiological  sense,  as  here  used,  it  is  the  my 
opposite  of  asphyxia. 
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use  siiiks  below  a  certain  level,  respiratoiy  explosions  occur  whereby 
a  fkesh  supply  of  oxygen  is  gained.     By  increasing  their  available 
oxygen,  the  explosive  action  of  the  cells  is  deferred  and  diminished; 
thcfct  is,  apnoea  is  established.    Similarly  when  the  supply  of  oxygen 
is    cjiminished,  the  explosions  are  hastened  and   increased,  that  is, 
dyspnoea  is  brought  al>out.    The  different  conditions  of  the  respira- 
tory centre  during  apnoea,  normal  breathing  or  eupnoea,  and  dyspnoea, 
are  well  shewn  by  the  different  effects  produced  by  stimulating  the 
affexent  fibres  of  the  trunk  of  the  vagus  with  the  same  stimulus 
daring  the  three  stages.    K  the  current  chosen  be  of  such  a  strength 
as    *will  gently  increase  the  rhythm  of  normal  breathing,  it  will  be 
fooLxid  to  have  no  effect  at  all  in  apnoea,  while  in  dyspnoea  it  may 
fdodace  almost    convulsive  movements.      Indeed  in   well-marked 
ara&oea,  even  strong  stimulation  of  the  vagus  may  produce  no  effect 
irbatever. 

Aooording  to  Ewald^  the  hsemoglohin  of  t^e  hlood  during  apnoea  he- 
oomei  perfectly  or  almost  perfectly  saturated  with  oxygen.  The  absolute 
iMreaie  does  not  seem  great,  from  *1  to  '9  p  c.  vol.  The  tension  at  which 
this  increment  exists  is  however  very  great.  The  venous  blood,  if  the 
Htifieial  respiration,  used  to  produce  the  apnoea,  be  carefully  carried  out, 
MBtuns  more  oxygen  than  the  normal  and  appears  of  a  bright  red  colour. 
In  ouei  where  the  artificial  respiration  interferes  with  the  pulmonary  cir- 
cnlation  and  so  reduces  the  rapidity  of  the  general  flow  of  blood,  the  venous 
Uood  may  be  even  darker  than  usual*. 


The  Eff^ii  of  changes  in  ihe  Composition  of  the  Air  breathed. 

Beficioncy  of  Oxjgm*    This  we  have  already  seen  (p.  294)  is  the 
trae  cause  of  dyspnoea  and  of  asphyxia* 


of  OrfgeEU    This,  except  in  the  cases  which  we  shall  con- 
sider immediately,  produces  apnoea. 


or  dafldency  of  Nitrogen*  Variations  in  amount  of 
nitrwen  have,  per  se,  no  effect  at  alL  The  gas  is  eminently  an 
indifirerent  gas  as  £ar  as  physiological  processes  are  concerned. 

EzioeM  of  Carbonic  AcicL  When  an  animal  is  made  to  breathe  an 
tttmosphere  containing  an  excess  of  carbonic  acid  in  the  presence  of 
an  ample  supply  of  oxygen,  the  breathing  becomes  laboured,  the 
respiratory  movements  being  deeper  and  more  frequent.  True  dyspnoea 
however  does  not  set  in,  and  death  does  not  take  place  by  convulsions 
and  asphyxia;  the  symptoms  on  the  contrary  resemble  those  of  an 
">»™<>J  under  the  influence  of  a  narcotic  poison  such  as  opium. 

PoisQliailS  gases.    Carbonic  oxide  produces  the  same  effects  as 
of  oxygen,  inasmuch  as  it  preoccupies  the  haemoglobin 


1  Pflfiger'B  Arehiv,  tii.  (1878)  676. 

*  Finkler  and  Oertmann.    Pfliiger's  Archive  xiy.  (1877)  88. 
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and  so  prevents  the  blood  from  becoming  poperly  oxygenated,  see 
p.  277.  Sulphuretted  hydrogen  produces  similar  effects,  but  in  a 
different  manner ;  it  acts  as  a  reducing  a^ent,  see  p.  274.  Some  gues 
are  irrespirable,  on  account  of  their  causing  spasm  of  the  glottis,  aod 
this  is  said  to  be,  to  a  certain  extent,  the  case  with  carbonic  aod. 

The  Effects  of  changes  in  the  pressure  of  (he  Air  hreaihei\ 

Oradnal  Diminution  of  Pressnre.  The  symptoms  are  those  d 
deficiency  of  oxygen ;  the  animals  die  of  asphyxia.  The  blood  con- 
tains less  and  less  oxygen  as  the  pressure  is  reduced,  the  quantity 
present  in  the  arterial  blood  soon  becoming  less  than  that  in  normal 
venous  blood.  The  quantity  of  carbonic  acid  in  the  blood  is  abo 
diminished.  The  increasing  ayspncea  is  accompanied  by  great  general 
feebleness;  and  convulsions  though  frequent  are  not  invariable.  The 
occurrence  of  these  seems  to  depend  on  the  auddenne3S  with  whid^ 
the  oxygen  of  the  blood  is  diminished. 

Sudden  Diminution.  Death  in  these  cases  ensues  from  the 
liberation  of  gases  within  the  blood-vessels  and  the  consequent 
mechanical  interference  with  the  circulation.  The  gas  which  is 
found  in  the  blood-vessels  on  examination  after  death  consists  chiefly 
of  nitrogen. 

Increase  of  Pressure.  Up  to  a  pressure  of  several  atmospheres 
of  air,  merely  symptoms  of  narcotic  poisoning,  altogether  like  thosa 
of  breathing  an  excess  of  carbonic  acid,  are  developed,  and  there  can- 
be  little  doubt  that  they  originate  from  the  same  cause,  viz.  the  excess 
of  carbonic  acid  in  the  blood.  At  a  pressure  however  of  4  atmo- 
spheres  of  oxygen,  corresponding  to  20  atmospheres  of  air,  and  up- 
wards, a  very  remarkable  phenomenon  presents  itsel£  The  animals 
die  of  asphyxia  and  convulsions,  exactly  in  the  same  way  as  when 
oxygen  is  deficient.  Corresponding  with  this  it  is  found  that  the 
production  of  carbonic  acid  is  diminished.  That  is  to  say,  when  the 
pressure  of  the  oxygen  is  increased  beyond  a  certain  limit,  the  oxida- 
tions of  the  body  are  diminished,  and  with  a  still  further  increase 
of  the  oxygen  are  arrested  altogether.  The  oxidation  of  phosphorus 
is  quite  analogous ;  at  a  high  pressure  of  oxygen  phosphorus  will  not 
burn.  Bert  has  further  shewn  that  plants,  bacteria,  and  organiaed 
ferments,  are  similarly  killed  by  a  too  great  pressure  of  oxygen. 


Sec.  9.    Modified  Respiratory  Movements. 

The  respiratory  mechanism  with  its  adjuncts,  in  addition  to  its 
respiratory  function,  becomes  of  service,  especially  in  the  case  of  ttfto, 
as  a  means  of  expressing  emotions.  The  respiratory  colunm  of  wr» 
moreover,  iu  its  exit  from  the  chest,  is  frequently  made  use  of  ifl  * 

1  Paul  Bert,  llech,  Exp,  sur  la  Frcssion  Baromet.  1874.  • 
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chanical  way  to  expel  bodies  from  the  iipper  air-passages.    Hence 

te  a  number  of  peculiarly  modified  and  more  or  less  complicated 

piratory  movements*  sighing,  coughing,  laughter,  &c«  adapted  to 

Lire  special  ends  which  are  not  distinctly  respiratory.    They  are 

essentially  reflex  in  character,  the  stimulus  determining  each 

i^ement,  sometimes  affecting  a  peripheral  afferent  nerve  as  in  the 

3  of  coughing,  sometimes  working  through  the  higher  parts  of 

brain  as  in  laughter  and  crying,  sometimes  possibly,  as  in  yawning 

sighing,  acting  on  the  respiratory  centre  itself.     Like  the  simple 

>iratory  act,  they  may  with  more  or  less  success  be  carried  out  by 

jrect  effort  of  the  wilL 

Rigliing  is  a  deep  and  long-drawn  inspiration  chiefly  through  the 
>  followed  by  a  somewhat  shorter,  but  correspondingly  large 
[ration. 

fawning  is  similarly  a  deep  inspiration,  deeper  and  longer  con- 
ed than  a  sigh,  drawn  through  the  widely  open  mouth,  and 
mpanied  by  a  peculiar  depression  of  the  lower  jaw  and  frequently 
A  elevation  of  the  shoulders. 

Siocongh  consists  in  a  sudden  inspiratory  contraction  of  the 
luragm,  in  the  course  of  which  the  glottis  suddenly  closes,  so  that 
further  entrance  of  air  into  the  chest  is  prevented,  whUe  the 
ilse  of  the  column  of  air  just  entering,  as  it  strikes  upon  the 
>d  glottis,  gives  rise  to  a  well-known  accompanying  sound.  The 
ent  impulses  of  the  reflex  act  are  conveyed  by  the  gastric 
ches  of  the  vagus.  The  closure  of  the  glottis  is  carried  out  by 
tis  of  the  inferior  laryngeal  nerve.    See  Voice. 

n  sobbing  a  series  of  similar  convulsive  inspirations  follow  each 
r  slowly,  the  glottis  being  closed  earlier  than  in  the  case  of 
>iigh,  so  that  little  or  no  air  enters  into  the  chest. 

#0Qf  hing  consists  in  the  first  place  of  a  deep  and  long-drawn 
iration  by  which  the  lungs  are  well  filled  with  air.  This  is  fol- 
d  by  a  complete  closure  of  the  glottis,  and  then  comes  a  sudden 

forcible  expiration,  in  the  midst  of  which  the  glottis  suddenly 
t8,  and  thus  a  blast  of  air  is  driven  through  the  upper  respiratory 
ages.  The  afferent  impulses  of  this  reflex  act  are  in  most  cases, 
''hen  a  foreign  body  is  lodged  in  the  larynx  or  by  the  side  of  the 
lottis,  conveyed  by  the  superior  laryngeal  nerve ;  but  the  move- 
nt may  arise  from  stimuli  applied  to  other  afferent  branches  of 

vagus,  such  as  those  supplying  the  bronchial  passages  and 
nacQ  (?)  and  the  auricular  branch  distributed  to  the  meatus  ex- 
^us.  Stimulation  of  other  nerves  also,  such  as  those  of  the  skin 
a  draught  of  cold  air,  may  develope  a  cough. 

In  ■woflKiwg  the  general  movement  is  essentially  the  same,  except 
^t  the  opening  from  the  pharynx  into  the  mouth  is  closed  by  the 
itmctiou  of  tiie  anterior  pillars  of  the  fauces  and  the  descent  of 
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the  soft  palate,  so  that  the  force  of  the  blast  is  driven  entirely 
through  the  nose.  The  afferent  impulses  here  usually  come  from 
the  nasal  branches  of  the  fifth.  When  sneezing  however  is  produced 
by  a  bright  light,  the  optic  nerve  would  seem  to  be  the  afferent 
nerve. 

Lauglling  consists  essentially  in  an  inspiration  succeeded,  not  by 
one,  but  by  a  whole  series,  often  long  continued,  of  short  spasmo- 
dic expirations,  the  glottis  being  freely  open  during  the  whole  time, 
and  the  vocal  chords  being  thrown  into  characteristic  vibrations. 

In  crying,  the  respiratory  movements  are  modified  in  the  same 
way  as  in  laughing ;  the  rhythm  and  the  accompanying  facial  ex- 
pressions are  however  different,  though  laughing  and  crying  frequently 
become  indistinguishabla 

Our  real  knowledge  of  the  physiology  of  respiration  dates  hack  from 
1777,  when  Lavoisier  shewed  the  true  nature  of  combustion,  foUowing 
dose  as  this  did  upon  Priestley's  demonstration  of  the  identity  of  respinr 
tion  and  comhostion  (1771)  and  discovery  of  oxygen  (1774).     Before  thit 
time  the  chief  steps  of  progress  were,  the  discovery  by  Van  Helmont  (1648) 
that  gas  sylvestre  (carbonic  acid  gas)  was  unfit  for  respiration,  the  demoor 
stration  by  Hook  (1664)  of  the  efiects  of  artificial  respiration,  by  Lower 
(1669)  of  the  connection  with  respiration  of  the  difierenoe  in  coloar  be- 
tween venous  and  arterial  blood,  by  Boyle  (1670)  of  the  necessity  for  respi- 
ratory purposes  of  the  air  dissolved  in  water,  the  observations  and  refla- 
tions of  Mayow  (1674)  on  the  spiritus  nitro-aereus  (oxygen),  in  which  ha 
narrowly  missed  anticipating  Lavoisier  by  a  century,  and  the  discover|r  \f{ 
Black  (1757)  of  carbonic  acid  in  air.     Lavoisier  however  held  that  tbe 
respiratory  combustion  took  place  in  the  bronchial  tubes,  a  hydrx>carboDOOi 
substance  being  secreted  for  that  purpose  from  the  blood;    and  though 
Lagrange  suggested  that  the  oxygen  might  be  absorbed  into  and  the  cu^ 
bonic  acid  exhaled  from  the  blood,  the  combustion  occurring  in  the  blood  or 
tissues,  and  Spallanzani  (1803)  and  W.  F.  Edwards  (1823)  shewed  tbt 
snails,  frogs  and  young  mammals  continued  to  produce  carbonic  acid  in  an 
atmosphere  of  hydrogen,  whereby  direct  combustion  in  the   longs  vu 
rendered  impossible,  Lavoisier^s  view  held  its  ground,  owing  to  the  difficoltj 
of  extracting  gases  from  the  blood,  until  in  1837  Magnus  used  the  mercor 
rial  air-pump  and  proved  that  both  venous  and  arterial  blood  contained 
both  oxygen  and  carbonic  acid.     His  researches  and  those  of  Lothar  Meyer 
and  Fernet,  which  followed  soon  after,  form  the  basis  of  our  present  knov- 
ledge.     The  labours  of  Ludwig  and  his  school,  of  PflUger  and  his  pupils^ 
and  of  others,  have  advanced  this  subject  to  its  present  condition.    Th* 
spectroscopic  discoveries  of  Hoppe-Seyler  and  Stokes  have  proved  of  giee* 
and  increasing  importance ;  and  we  are  indebted  to  Bosenthal  for  a  dear 
exposition  of  the  nervous  mechanism  of  respiration. 


CHAPTER  III. 

SECRETION  BY  THE  SKIN. 

Ts  have  traced  the  food  from  the  alimentary  canal  into  the  blood, 
id,  did  the  state  of  our  knowledge  permit,  the  natural  course  of  our 
ady  would  be  to  trace  the  food  from  the  blood  into  the  tissues,  and 
len  to  follow  the  products  of  the  activity  of  the  tissues  back  into 
lo  Uood  and  so  out  of  the  body.  This  however  we  cannot  as  yet 
•tiafactorily  do ;  and  it  will  be  more  convenient  to  study  first  the 
i^blL  products  of  the  metabolism  of  the  body,  and  the  manner  in 
l^ch  they  are  eliminated,  and  afterwards  to  return  to  the  discussion 
'.  tilie  intervening  steps. 

Oar  food  consists  of  certain  food-stuffs,  viz.  proteids,  fats  and  carbo- 
rdjrates,  of  various  salts,  and  of  water.  In  their  passage  through  the 
l<Kxi  and  tissues  of  the  body,  the  proteids  are  converted  into  urea 
T  some  closely  allied  body),  carbonic  acid  and  water,  while  the  fats 
^d  carbohydrates  give  rise  to  carbonic  acid  and  water  only.  Many 
'  t^lxe  proteids  contain  phosphorus  and  sulphur,  and  some  of  the  fats 
k,exL  as  food  contain  phosphorus ;  these  elements  suffer  oxidation 
ito  phosphates  and  sulphates,  and  then  leave  the  body  in  the  form 
'B^ts. 

firoadly  speaking  then,  the  waste  products  of  the  animal  economy 
^  xirea,  carbonic  acid,  salts  and  water.  Of  these  a  large  portion  of 
16  oitfbonic  acid,  and  a  considerable  quantity  of  water,  leave  the  body 
f  tiihe  lungs  in  respiration ;  while  all  (or  nearly  all)  the  urea,  the 
^^^r  portion  of  the  salts,  and  a  large  amount  of  water,  with  an 
<>iS^ficai^t  quantity  of  carbonic  acid,  pass  away  by  the  kidneys. 
"^  work  therefore  of  the  remaining  excretory  tissue,  the  skin,  is 
>Q6xied  to  the  elimination  of  a  comparatively  small  quantity  of 
^^^  a  little  carbonic  acid,  and  a  variable  but  on  the  whole  large 
pMitity  of  water  in  the  form  of  perspiration.  The  actual  excretion 
7  ^^e  bowel,  that  is  to  say,  that  portion  of  the  faeces  which  is  not 
^^ply  undigested  matter,  we  have  seen  to  be  very  small 

The  nature  and  amount  of  Perspiration. 

The  quantity  of  matter  which  leaves  the  human  body  by  way  of 
^Q  akin  is  very  considerable.    Thus  Sequin^  estimated  that>  while 

>  iiitfi.  d.  Ckim.  za  pp.  62,  408, 
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7  grains  passed  away  through  the  lungs  per  minute,  as  much  as 
11  grains  escaped  through  the  skin.  The  amount  varies  extremely; 
Funke*  calculated,  from  data  gained  by  enclosing  the  arm  in  a 
caoutchouc  bag,  that  the  total  amount  of  perspiration  from  the 
whole  body  in  24  hours  might  range  from  2  to  20  kilos ;  but  sach  a 
mode  of  calculation  is  obviously  open  to  many  sources  of  error. 

Of  the  whole  amount  thus  discharged^  part  passes  away  at  onoe 
as  watery  vapour  containing  volatile  matters,  while  part  may  remain 
for  a  time  as  a  fluid  on  the  skin ;  the  former  is  fi^uently  spoken  of 
as  insensible,  the  latter  as  sensible  perspiration.  The  proportion  of  the 
insensible  to  the  sensible  perspiration  will  depend  on  the  rapidly  of 
the  secretion  in  reference  to  the  dryness,  teniperature,  and  amount  d 
movement,  of  the  surrounding  atmosphere.  Thus,  supposing  the  rate 
of  secretion  to  remain  constant,  the  drier  and  hottCT  the  air,  and 
more  rapidly  the  strata  of  air  in  contact  with  the  body  are  renewed, 
the  greater  is  the  amount  of  sensible  perspiration  which  is  by  evapo- 
ration converted  into  the  insensible  condition ;  and  conversely  when 
the  air  is  cool,  moist,  and  stagnant,  a  large  amount  of  the  total 
perspiration  may  remain  on  the  skin  as  sensible  sweat.  Since,  as  the 
name  implies,  we  are  ourselves  aware  of  the  sensible  perspiration 
only,  it  may  and  frequently  does  happen  that  we  seem  to  ourselves 
to  be  perspiring  largely,  when  in  reality  it  is  not  so  much  the  total 
perspiration  which  is  being  increased  as  the  relative  proportion  of 
the  sensible  perspiration.  The  rate  of  secretion  may  however  be  so 
much  increased,  that  no  amount  of  dryness,  or  heat,  or  movement  d 
the  atmosphere,  is  sufficient  to  carry  out  the  necessary  evaporati(Hi,  ' 
and  thus  the  sensible  perspiration  may  become  abundant  m  a  hot 
dry  air.  And  practically  this  is  the  usual  occurrence,  since  certainly 
a  high  temperature  conduces,  as  we  shall  point  out  presently,  to  an 
increase  of  the  secretion,  and  it  is  possible  that  mere  dryness  of  the 
air  has  a  similar  effect. 

The  total  amount  of  perspiration  is  affected  not  only  by  the  con- 
dition of  the  atmosphere,  but  also  by  the  nature  and  quantity  of  food 
eaten,  by  the  amount  of  fluid  drunk,  and  by  the  amount  of  exercise 
taken.  It  is  also  influenced  by  mental  conditions,  by  medicines 
and  poisons,  by  diseases,  and  by  the  relative  activity  of  the  other 
excreting  organs,  more  particularly  of  the  kidney. 

The  fluid  perspiration,  or  sweat,  when  collected,  is  found  to  be  a 
clear  colourless  fluid,  with  a  strong  and  distinctive  odour  varyii^ 
according  to  the  part  of  the  body  from  which  it  is  taken.  Besides 
accidental  epidermic  scales,  it  contains  no  structural  elements.  Its 
reaction  is  generally  acid,  but  in  cases  of  excessive  secretion  miay  be- 
come alkaline.  The  average  amount  of  solids  is  about  1*81  p.  a*,  of 
which  about  two-thirds  consist  of  organic  substances.  The  chief 
normal  constituents  are :  (1)  Sodium  chloride  with  smaU  quantitiea  of 
other  inorganic  salts.     (2)  Various  acids  of  the  fatty  senes,  such  as 

>  Molo8ohott*8  VnUnucK  it.  p.  36.  *  Fnnke,  Op.  eiu 
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brmic,  acetic,  butyric,  with  probably  propionic,  caproic,  and  caprylic* 
rhe  presence  of  these  latter  is  inferred  &om  the  odour ;  it  is  pro-» 
bable  that  many  various  volatile  acids  are  present  in  small  quantities. 
Lactic  acid,  which  Berzelius  reckoned  as  a  normal  constituent,  is 
itated  not  to  be  present  in  health.  (3)  Neutral  fats,  and  cholesterin; 
hese  have  been  detected  even  in  places,  such  as  the  palms  of  the 
land,  where  sebaceous  glands  are  absent.  (4)  Ammonia  (urea)  and 
x)6sibly  other  nitrogenous  bodies. 

Faoke^  detected  a  very  considerable  amount  of -urea  in  the  sweat  gained 
ij  his  method,  so  much  so  that  he  calculated  the  total  amount  given  off 
>y  the  skin  in  24  hours  at  about  10  grms.  Banke'  on  the  other  hand, 
rho  collected  some  of  the  sweat  given  off  when  the  body  was  exposed 
a  a  large  space  to  an  abundant  atmosphere,  found  no  evidence  whatever  of 
irea.  This  striking  contradiction  has  not  yet  been  explained,  though,  as 
rill  be  seen  in  dealing  with  nutrition,  the  satisfactory  results  which  are 
gained  by  supposing  that  under  normal  conditions  all  the  urea  passes  out 
ij  the  kidneysy  render  it  probable  that  Funke's  result  is  essentially  an 
Imormal  one.  In  various  fcHrms  of  disease  the  sweat  has  been  found  to 
oatain,  sometimes  in  considerable  quantities,  blood  (in  bloody  sweat), 
Ummin,  urea  (particularly  in  cholera),  uric  acid,  calcium  oxalate,  sugar, 
iciic  acid,  indigo,  bUe  and  other  pigments.  Iodine  and  potassium  iodide, 
Qooinic,  tartaric,  and  benzoic  (partly  as  hippuric)  acids  have  been  found  in 
he  sweat  when  taken  internally  as  medicines. 

Cutaneous  Respiration. 

A  frog,  the  lungs  of  which  have  been  removed,  will  continue  to 
Ive  for  some  time;  and  during  that  period  will  continue  not  only  to 
produce  carbonic  acid,  but  also  to  consume  oxygen.  In  other  words> 
he  frt)g  is  able  to  breathe  without  lungs,  respiration  being  carried  on 
fficiently  by  means  of  the  skin.  In  mammals  and  in  man  this 
ataneous  respiration  is,  by  reason  of  the  thickness  of  the  epidermis, 
estricted  to  within  very  narrow  limits ;  nevertheless,  when  the  body 
AfFM^inft  for  some  time  in  a  closed  chamber  to  which  the  air  passing 
Q  and  out  of  the  lungs  has  no  access  (as  when  the  body  is  enclosed 
Q  a  large  air-ti^ht  bag  fitting  tightly  round  the  neck,  or  where  a 
abe  in  the  trachea  carries  air  to  and  from  the  lungs  of  an  animal 
ilaced  in  an  air-tight  box),  it  is  found  that  the  air  in  the  chamber 
9868  oxygen  and  gains  carbonic  acid*  The  amount  of  carbonic  acid 
rhich  is  thus  thrown  off  by  the  skin  of  an  average  man  in  24  hours 
mounts  according  to  Scharling  to  no  more  than  about  10  grms., 
coording  to  Aubert*  to  about  4  grms.,  increasing  with  a  rise  of 
emperature,  and  being  very  markedly  augmented  by  bodily  exercise, 
l^pault  and  Reiset  state  that  the  amount  of  oxygen  consumed  is 
bout  equal  in  volume  to  that  of  carbonic  acid  given  off,  but  Qerlach^ 

>  09.  eit.  *  Tetanut,  p.  247. 

s  Pflfiger'f  Arehiv,  Th  (1872)  589. 
«  HiUler's  ArcMv,  1861,. p.  481. 


314  PSRSPIRATIOK  [Bookii. 

makes  it  rather  less.    It  is  evident  therefore  that  the  loss  which  the 
body  suffers  through  the  skin  consists  chiefly  of  water. 

The  thickness  of  the  mammalian  or  human  epidermis  must  affind  a 
great  obstruction  to  any  diffusion  between  the  blood  in  the  cutaneous 
capillaries  and  the  external  air.  It  has  been  suggested  that  the  caibonie 
acid  makes  its  exit  in  the  form  of  carbonates  present  in  the  sweaty  and  that 
these  being  decomposed  by  the  adds  also  present  in  sweaty  their  caibonio 
acid  is  set  free. 

When  an  animal,  such  as  a  rabbity  is  covered  over  with  an 
impermeable  varnish  such  as  gelatine,  so  that  all  exit  or  entranoe 
of  gases  or  liquids  by  the  skin  is  prevented,  death  shortly  ensues. 
Th^  result  cannot  be  due,  as  was  once  thought^  to  arrest  of  cutaneous 
respiration,  seeing  how  insignificant  is  the  gaseous  interchange  by  the 
skin  as  compared  with  that  by  the  lungs.  Nor  are  the  symptoms 
those  of  asphyxia,  but  rather  of  some  kind  of  poisoning,  marked  by  t 
very  great  fall  of  temperature,  which  however  does  not  seem  to  be 
the  result  of  diminished  production  of  heat,  since  according  to  Bturdon 
Sanderson  it  is  coincident  with  an  actual  increase  of  the  discharge  of 
heat  from  the  surface.  The  animal  may  be  restored,  or  at  all  events 
its  life  may  be  prolonged  with  abatement  of  the  symptoms,  if  tbe 
great  loss  of  heat  whidi  is  evidently  taking  place  be  prevented  by 
covering  the  body  thickly  with  cotton  wool,  or  keeping  it  in  a  warn 
atmosphere.  The  symptoms  have  not  as  yet  been  clearly  analysed, 
but  they  seem  to  be  due  in  |)art  to  a  pyrexia  possibly  cauysed  by  the 
retention  within  or  reabsorption  into  the  blood  of  some  of  the  con- 
stituents  of  the  sweat,  or  by  the  products  of  some  abnormal  metabo- 
lism, and  in  part  to  a  dilation  of  the  cutaneous  vessels  which 
causes  an  abnormally  large  radiation  of  heat,  even  through  the 
varnish. 

According  to  Rohrig^  the  injunction  of  fresh  filtered  human  sweat  into 
the  veins  of  a  rabbit  causes  pyrexia,  and  albuminuria,  and  thus  reprodnoel 
some  of  the  effects  of  *  varnishing.' 

The  Secretion  of  Sweat 

The  skin  contains,  besides  the  ordinary  sudoriparous  glands,  the 
sebaceous  glands,  and  the  special  odoriferous  glands  of  the  aziUa^ 
anus,  and  other  regions.  With  regard  to  the  various  volatile  and 
odoriferous  substances  peculiar  to  sweat,  and  especially  with  regard  to 
those  peculiar  to  the  sweat  of  particular  regions  of  the  skin,  there 
can  be  no  doubt  that  these  are  secreted  by  the  epithelium  of  the 
appropriate  glands.  There  can  be  equally  no  doubt  that  the  &ts 
which  come  to  the  surface  of  the  skin  from  the  sebaceous  glands  arise 
from  a  metabolism  of  the  cells  of  those  glands.  But  it  is  a  question, 
and  at  present  an  open  question,  whether  the  sweat  as  a  whole  is 
furnished  by  the  various  glands  alone,  or  whether  any  considerable 

^  Jahrb.f*  Bain,  L  1«   ^ 
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part  of  it  may  not  simply  transude  through  the  portions  of  skin 
mtervening  between  the  mouths  of  the  glands*  That  some  amount  of 
water  must  pass  through  the  ordinary  epidermis  seems  evident ;  but 
on  the  whole  it  is  probable  that  the  portion  which  so  passes  is  a  small 
fraction  only  of  the  total  quantity  secreted  by  the  skin;  and 
bismann^  nnds  that  even  the  simple  evaporation  of  water  is 
iQuch  greater  through  those  parts  of  the  skin  in  which  the  glands 
>te  abundant  than  through  those  in  which  they  are  scanty. 

.  The  nervous  mechaniBm  of  Perspiration.     The  secreting  ac- 
tivity of  the  skin,  like  that  of  other  glands,  is  accompanied  and 
^  least  aided  by  vascular  dilation     In  one  of  Bernard's  early 
experiments  on  division  of  the  cervical  sympathetic,  it  was  ob- 
Stf?ed  that  in  the  case  of  the  horse,   the  vascular    dilation  of 
the  &ce  on  the  side  operated  on  was  accompanied  by  increased 
penpiration.    Indeed  the  connection  between  the  state  of  the  cutane- 
ous blood-vessels  and  the  amount  of  perspiration  is  a  matter  of  daily 
observation.     When    the  vessels  of   the  skin  are  contracted,  the 
secretion  of  the  skin  is  diminished;  when  they  are  dilated  it  becomes 
abundant.    And  in  this  way,  as  we  shall  later  on  point  out,  the  tem- 
perature of  the  body  is  laj'gely  regulated.     When  the  surrounding 
atmosphere  is  warm,  the  cutaneous  vessels  are  dilated,  the  amount 
of  sweat  secreted  is  increased,  and  the  consequently  augmented 
evaporation  tends  to  cool  down  the  body.     On  the  other  hand, 
when  the  atmosphere  is  cold,  the  cutaneous  vessels  are  constricted, 
perspiration  is  scanty,  and  less  heat  is  lost  to  the  body  by  evaporation^ 
The  analQfi;y  with  the  other  secreting  organs  which  we  have 
already  studied  renders  it  extremely  probable  that  there  are  special 
nerves  directly  governing  the  activity  of  the  sudoriparous  glands, 
independent  of  variations  in  the  vascular  supply*    Many  pathological 
£sct8  point  in  this  direction.    The  profuse  perspiration  of  the  death 
agony,  of  various  crises  of  disease,  and  of  certain  mental  emotions, 
the  cold  sweats  occurring  in  phthisis  and  other  maladies,  in  all  of 
which  the  skin  is  ansemic  rather  than  hypersemic,  suggest  direct 
nervous  action.    Moreover,  we  have  direct  experimental  evidence 
that  in  the  cat  and  dog  profuse  perspiration  may  take  place  in  the 
ball  of  the  foot  as  the  result  of  stimulation  of  the  sciatic  nerve  after 
clamping  the  aorta  or  crural  artery,  or  immediately  after  amputation 
of  the  leg* ;  in  these  cases,  which  are  quite  analogous  to  the  experi- 
ments on  the  submaxillary  c^land,  the  mcreased  secretion  cannot  be 
doe, to  hypenemia.    TS^falogy  with. the  submaxillary  gland   is 
canned  out  still  further  by  the  fact  that  (in  the  cat  at  least)  atropin 
prevents  stimulation  of  the  sciatic  nerve  from  causing  an  increase 
of  perspiration  in  the  ball  of  the  foot,  though  the  vascular  dilation 
takes  place  as  usual'.     When  the  sciatic  nerve  on  one  side  has  been 

1  ZHtsehriftf.  Biol  xi.  1. 

*  Kendal  and  LiiohBinger,  Pfliiger'g  ArehiVt  xni.  (1S76)  212. 

t  Laohiinser,  ibid,  xiy.  (1877)  869. 
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divided,  the  leg  on  that  side  frequently  does  not  perspire  under  cir'> 
cumstances  which  induce  perspiration  in  the  rest  of  the  body.  In 
cases  of  injury  to  spinal  nerves,  wholly  similar  phenomena  have  been 
observed ;  and  atropin  has  been  used  very  successfully  as  a  remedy 
for  profuse  perspiration.  The  cases  where  perspiration  may  easily 
be  induced  on  one  side  of  the  face  by  the  mtroduction  of  pungent 
substances  into  the  mouth  illustrates  the  manner  in  which  this 
nervous  influence  over  the  sudoriparous  glands  may  be  brought 
about  by  reflex  action.  The  whole  subject  however  requires  to  be 
more  fully  worked  out. 

Luchsingen  has  been  led  by  his  experiments  to  believe  that  (in  the  cat) 
the  perspiratory  activity  of  the  lower  limbs  is  dependent  on  a  per^iintoiy 
centre,  situated  in  the  lower  dorsal  and  upper  lumbar  spinal  cord,  and 
analogous  with  a  vaso-motor  centra  The  efferent  impuLses  firom  this 
centre  pass  through  the  communicating  branches  of  the  last  two  or  thne 
dorsal  and  first  four  lumbar  spinal  nerves,  to  the  abdominal  sympaUietic^ 
and  thence  to  the  sciatic  nerve. 


Absorption  by  the  Skin. 

Although  under  normal  circumstances,  the  skin  serves  only  as 
a  channel  of  loss  to  the  body,  there  are  facts  which  seem  to  shew 
that  it  may,  under  particular  circumstances,  be  a  means  of  gain. 
Cases  are  on  record  where  bodies  have  been  ascertained  to  htfe 
gained  in  weight  by  immersion  in  a  bath,  or  by  exposure  to  a  moisi 
atmosphere  during  a  given  period,  in  which  no  food  or  drink  ms 
taken,  or  to  have  gained  more  than  the  weight  of  the  food  or  drink 
taken.  The  gain  in  such  cases  must  have  been  due  to  the  absorption 
of  water.  It  is  doubtful  whether  substances  in  aqueous  solution  can 
be  absorbed  by  the  skin  when  the  epidermis  is  intact,  the  evidence 
on  this  point  being  contradictory ;  but  absorption  takes  place  very 
readily  from  abraded  surfaces,  and  even  solid  particles  rubbed  into  the 
sound  skin  may,  especially  when  applied  in  a  fatty  vehicle,  as  e.g.  in 
the  well-known  mercury-ointment,  find  their  way  into  the  underlying 
lymphatics. 

*  Op.  eit. 


CHAPTEE  IV. 

SECRETION  BY  THE  KIDNEYS. 

The  epithelium  of  the  kidney,  like  that  of  the  alimentary  canal,  is  a 
secreting  tissue.  The  protoplasmic  ceUs  which  line  at  least  a  large 
portion  of  the  tubttU  uriniferi  elaborate  from  the  blood,  in  a  manner 
irhich  we  shall  presently  discuss,  certain  substances,  and  discharge 
them  into  the  channels  of  the  tubules.  Besides  these  distinctly 
ictive  secreting  structures,  however,  the  kidney  exhibits  in  its 
ICalpighian  bodies  an  arrangement  very  analogous  to  that  which 
>btains  in  the  lungs.  Just  as  in  the  latter  the  functions  of  the 
ilveolar  epithelium  are  reduced  to  a  minimum,  and  the  entrance 
ind  egress  of  the  gases  of  respiration  are  mainly  carried  on  by 
liffusion,  so  in  the  former  the  epithelium  covering  the  glomeruli 
All  have  but  little  secreting  activity,  and  the  passage  of  material 
irom  the  interior  of  the  convoluted  blood-vessels  into  the  cavities 
€  the  tubules  must  be  chiefly  a  matter  of  simple  filtration.  What 
abetances  pass  in  this  way,  and  what  substances  are  secreted  by  the 
lirect  action  of  the  epithelium  of  the  secreting  tubules,  we  shall 
hortly  consider.  The  various  substances  passing  in  either  the  one 
IT  the  other  way,  in  company  with  a  large  amount  of  water,  into  the 
[nets  of  the  gland,  constitute  the  secretion  called  urine.  And  since 
lone  of  the  substances  so  thrown  out  are  of  any  further  use  in  the 
loonomy,  but  are  at  once  carried  away,  urine  is  generally  spoken  of 
B  an  excretion. 

Sec,  !•    Composition  op  Urine. 

The  healthy  urine  of  man  is  a  clear  yellowish  fluorescent  fluid,  of 
.  peculiar  odour,  saline  taste,  and  acid  reaction,  having  a  mean  specific 
^vity  of  1'020,  and  generally  holding  in  suspension  a  little  mucus. 
Che  normal  constituents  may  be  arranged  in  several  classes. 

1.    Water. 

2.  Inorganic  salts.  These  for  the  most  part  exist  in  urine  in 
natural  solution,  the  composition  of  the  ash  almost  exactly  cor- 
responding with  the  results  of  the  direct  analysis  of  the  fluid ;  in 
this  respect  urine  contrasts  forcibly  with  blood,  the  ash  of  which 
is  largely   composed  of  inorganic    substances,  which   previous  to. 
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the  combustion  existed  in  peculiar  combinatioii  iritli  proteid  and 
other  complex  bodies.  In  the  ash  of  urine  there  is  xaiher  more 
sulphur  than  corresponds  to  the  sulphuric  acid  directly  detenniiied; 
this  indicates  the  existence  in  urine  of  some  sulphur-holding  com- 
plex body.  And  there  are  traces  of  iron,  pointing  to  some  similar 
iron-holdiug  substance.  But  otherwise,  all  the  subRtances  found  in 
the  ash  exist  as  salts  in  the  natural  fluid.  The  most  abundant  and 
important  is  sodium  chloride.  There  are  found  in  smaller  quantities, 
calcium  chloride,  potassium  and  sodium  sulphates,  sodium,  caldnm 
and  magnesium  pnosphates,  with  traces  of  mlicat^  Alkaline  car- 
bonates are  frequently  found,  and  nitrates  in  small  quantity  are  aho 
said  to  be  sometimes  present. 

The  phosphates  are  derived  partly  from  the  phosphates  taken  aa 
such  in  food,  partly  from  the  phosphates  peculiarly  associated  with 
the  proteids,  and  partly  from  the  phosphorus  of  lecithin  and  its 
allies.  When  urine  oecomes  alkaline,  the  calcic  and  magnesic 
phosphates  are  precipitated,  the  sodium  phosphates  remaining  in 
solution.  The  sulphates  are  derived  partly  firom  the  sulimatei 
taken  as  such  in  food  and  partly  from  the  sulphur  of  the  pro- 
teids.  The  carbonates,  when  occurring  in  large  quantity,  generally 
have  their  origin  in  the  oxidation  of  such  salts  as  citrates,  tartratei, 
&c.  The  bases  present  depend  largely  on  the  nature  of  the  food  taken. 
Thus  with  a  vegetable  diet,  the  excess  of  the  alkalis  in  the  food 
reappears  in  the  urine ;  with  an  animal  diet,  the  earthy  bases  in  a 
similar  way  come  to  the  front. 

3.  Nitrogenous  crystalline  bodies,  derivatives  of  the  metabo- 
lism of  the  proteids  of  the  body  and  fooid.  First  and  foremost  come 
urea  and  its  immediate  ally,  uric  acid.  These  will  be  considered  in 
detail  hereafter ;  they  are  the  typical  products  of  the  metabolism  of 
proteids.  Existing  in  much  smaller  quantities  are  a  number  of 
bodies  more  or  less  closely  related  to  urea,  which  may  for  the  mo$t 
part  be  regarded  as  less-completely  oxidised  products  of  metabolisnL 
Such  are :  kreatiniu,  xanthin,  hypoxanthin,  and  occasionally  allan- 
toin.  To  these  may  be  added  hippuric  acid,  ammonium  oxalurate, 
and,  at  times,  taurin,  cystin,  leucin,  and  tyrosin.  These  too 
we  shall  have  to  consider  in  dealing  with  the  metabolism  of  the 
body. 

4.  Nonrnitrogenoos  bodies.  These  exist  in  ver^  small  qnan- 
tities,  and  many  of  them  are  probably  of  uncertain  occurrence. 
They  are  organic  acids,  such  as  lactic,  succinic,  formic,  oxalic,  pbe- 
nylic,  &c.  It  has  been  maintained  that  minute  quantities  of  sugar 
are  invariably  present  in  even  healthy  urine ;  this  however  has  not 
as  yet  been  placed  beyond  all  doubt. 

5.  Fififments.  These  are  at  present  very  imperfectly  under- 
stood. Whether  the  natural  yellow  colour  of  urine  be  due  to  a 
single  pigment,  the  urochrome  of  Thudichum,  or  to  more  than  one, 
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Old  what  is  the  exact  nature  of  these  pigments,  must  be  left  un- 
lecidecL  As  was  stated  above  (p.  30),  the  urine  frequently  contains 
ircbilin;  and  the  peculiar  red  colour  of  some  rheumatic  urines  is  due 
4>  the  presence  of  a  body  called  by  Prout  pwrpwrin  and  by  Heller 
troerythrin.  The  urine  of  man  and  of  many  animals,  especially  of 
the  dog,  contains  indican,  which  under  certain  circumstances  may 
give  rise  to  the  production  of  indigo-blue. 

6.  Other  bodies.  Urine  treated  with  many  times  its  volume 
of  alcohol  gives  a  precipitate.  In  this  precipitate  is  found  a  body, 
^ving  proteid  reactions ;  and  an  aqueous  solution  of  the  precipitate 
IS  both  amylolytic  and  proteolytic,  t.e.  appears  to  contain  some  of 
both  the  salivary  (pancreatic)  ferment  and  pepsin. 

7.  Oases.  Those  gases  which  can  be  extracted  fix)m  urine  by 
the  mercurial  pump  are  chiefly  nitrogen  and  carbonic  acid,  oxygen 
M)carring  in  veiy  small  quantities  or  being  nvholly  absent. 

The  quantities  in  which  these  multifarious  constituents  are  pre- 
lent  vary  within  very  wide  limits,  being  dependent  on  the  nature  of 
die  food  taken,  and  on  the  circumstances  of  the  body.  These  points 
irill  be  considered  in  the  succeeding  chapter.  What  may  be  called 
'hB  average  composition  of  human  urine  is  shewn  in  the  following 
kaUe. 

AMOUNTS  OF  THE  SE7EBAL  XJBINABT  CONSTITUENTS  PASSED  IN 

TWENTT-FOUB  HOUES.    (Aftbb  Fabksb). 

Bj  an  ftyerage  Per  1  kilo 

man  of  66  kiloB*  of  Body  Weight. 

Water                1300000  grammes  230000  grammes 

Total  SoUds  72-000                           1100 

Urea  33180                             -6000 

Uric  Add  -555                             -0084 

Hippuric  Acid  -400                             -0060 

Kreatinin  -910                             '0140 
Pigment,  and 

other  substances  10000                             -1510 

Sulphuric  Acid  2012                             -0305 

Phosphoric  Acid  3164                              0480 

Chlorine  7000  (8-21)                   '1260 

Ammonia  '770 

Potassium  2*500 

Sodium  11090 

Calcium  '260 

Magnesium  '207 

Acidity  of  Urine.  The  healthy  urine  of  man  is  acid,  the 
imount  of  acidity  being  about  equivalent  to  2  grms.  of  oxalic 
icid  in  twenty-four  hours.  It  is  due  to  the  presence  of  acid  sodium 
phosphate,  the  absence  of  free  acid  being  shewn  by  the  fact  that 
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sodium  hyposulphite  gives  no  precipitate.  The  amount  of  iddity 
varies  much  during  the  twenty-four  hours,  being  in  an  invene  nib 
to  the  amount  of  acid  secreted  by  the  stomach ;  ihos  it  decreases 
after  food  is  taken,  and  increases  as  gastric  digestion  becomes  oodh 
plete.  It  varies  with  the  nature  of  the  food;  with  a  v^etaUediei 
the  excess  of  alkalis  secreted  leads  to  alkalinity,  or  at  least  to 
diminished  acidity,  whereas  this  effect  is  wanting  with  an  animil 
diet,  in  which  the  earthy  bases  preponderate.  Hence  the  urine  of 
camivora  is  generally  very  acid,  while  that  of  herbivora  is  alkaline. 
The  latter,  when  fasting,  are  for  the  time  being  carnivorous,  liTUig 
entirely  on  their  own  bodies,  and  hence  their  urine  becomes  under 
these  circumstances  acid. 

The  natural  acidity  increases  for  some  time  after  the  urine  bas 
been  discharged,  owing  te  the  formation  of  firesh  acid,  apparently 
by  some  kind  of  fermentation.  This  increase  of  acid  frequent^ 
causes  a  precipitation  of  urates,  which  the  previous  acidity  htf 
been  insufficient  to  throw  down.  After  a  whUe  however  the  add 
reaction  gives  way  to  alkalinity.  This  is  caused  by  a  convendoa 
of  the  urea  into  ammonium  carbonate  through  the  agency  of  a 
specific  ferment.  This  ferment  as  a  general  rule  does  not  miakeits 
appearance  except  in  urine  exposed  to  the  air ;  it  is  only  in  un- 
healthy conditions  that  the  fermentation  takes  place  within  tho 
bladder. 


Abnormal  amstitoenta  of  Urine.  The  structural  elements 
foimd  in  the  urine  under  various  circumstances  are  blood,  pus  and 
mucus  corpuscles,  epithelium  from  the  bladder  and  kidney,  and 
spermatozoa.  Serum-albumin,  fibrin  (firequently  as  'casts'), alkali- 
albumin,  globulin,  a  peculiar  form  of  albumin,  (discovered  by  Bence- 
Jones  in  mollities  ossium,  characterised  by  being  soluble  at  higl^ 
temperatures,  and  re-discovered  by  Kiihne  as  a  product  of  digestion)f 
fats,  cliolestorin,  sugar,  leucin,  tyrosin,  oxalic  acid,  bile  adds  and 
bile  pigment,  may  be  enumerated  as  the  most  important  metabolic 
proilucts  abnormally  present  in  urine.  Besides  these  the  urine 
ser\'es  as  the  chief  channel  of  elimination  for  various  bodies*  not 
proper  constituents  of  food,  which  may  happen  to  have  been  taken 
into  the  svsteui.  Thus  various  minerals,  alkaloids,  salts,  pigmentaiy 
aud  odoriferous  matters,  may  be  passed  unchanged.  Many  substances 
thus  occassional ly  taken  suiFer  changes  in  passing  through  the  body; 
the  most  important  of  these  will  be  considered  in  a  succeeding 
cliapter. 

Sec.  2,    The  SECREXioy  of  XJbixil 

We  have  already  called  attention  to  the  &yct  that  the  kidney, 
unlike  the  other  secreting  organs  which  we  have  hitherto  studied, 
consists  of  two  distinct  parts:  of  an  actively  secreting  part,  the 
epithelium  of  the  secreting  tubules,  and  of  what  may  be  called  a 


Chap.  IV.]  RENAL  SECRETION,  321 

filtering  part,  tbe  Malpighian  bodies.  Corresponding  to  this  double 
rtmctore  we  find  that,  of  tbe  yarious  urinary  constituents  enumerated 
in  the  preceding  section,  some,  such  as  sodium  chloride,  are  known  to 
be  present  in  the  blood,  independently  of  any  activity  of  the  kidney, 
while  of  others,  such  as  urea,  it  is  probable  that  their  occurrence  in  the 
Uood  is  in  part  the  result  of  some  previous  renal  action,  or  at  least  it 
is  not  certain  that  this  is  not  the  case.  The  former  we  may  fairly 
suppose  to  be  simply  filtered  through  the  renal  glomeruli ;  the  latter 
ve  may  regard  provisionally  as  the  products  of  the  activity  of  the 
renal  epithelium.  Since  the  passage  of  fluids  and  dissolved  sub- 
stances through  membranes  is  in  large  part  directly  dependent  on 
pressure,  the  extent  and  rapidity  of  that  part  of  the  whole  process  of 
the  secretion  of  urine  which  is  a  mere  filtration,,  will  be  directly 
Affected  by  the  amount  of  arterial  pressure  in  the  renal  arteries, 
while  the  effect  of  variations  of  arterial  pressure  on  that  part  of  the 
piooeBS  which  is  a  real  active  secretion,  will  be  an  indirect  one  only. 
Since,  then,  the  discharge  of  urine  by  the  kidneys  must  be  in  large 
i&easure  a  mere  matter  of  pressure,  much  more  so  than  is  the  case 
with  the  secretion  of  saliva  or  of  gastric  juice,  it  will  be  more 
ecmvenient  to  study  the  relations  of  urinary  secretion  to  blood- 
ptessure  before  we  enter  upon  the  discussion  of  the  active  secretion 
ttaeU: 

The  rdatUm  of  ike  Secretion  of  Urine  to  Arterial  Pressure. 

The  circumstance  to  which  we  have  to  direct  our  attention  is 
the  extent  of  pressure  present  in  the  renal  capillaries,  and  in  the 
^omerulL  The  more  tne  pressure  of  the  blood  in  these  exceeds 
the  pressure  of  the  fluid  in  the  channels  of  the  uriniferous  tubules, 
the  more  rapid  and  extensive  will  be  the  filtration  from  the  one  into 
the  other. 

This  local  capiUary  blood-pressure  may  be  increased — 

1.  By  an  increase  of  the  general  blood-pressure,  brought  about — 
(a)  by  an  increased  force,  frequency,  &c.  of  the  heart's  beat,  (6)  by  the 
constriction  of  the  small  arteries  supplying  areas  other  than  the 
kidney  itselfl 

2.  By  a  relaxation  of  the  renal  artery,  which,  as  we  have  pre* 
Tiously  pointed  out  (p.  169),  while  diminishing  the  pressure  in  the 
artery  itself,  increases  the  pressure  in  the  capillaries  and  small  veins 
which  it  supplies.  It  need  hardly  be  added  that  this  local  relaxation 
must  either  be  accompanied  by  constriction  in  other  vascular  areas, 
or  at  all  events  must  not  be  accompanied  by  a  sufficiently  com« 
pensating  dilation  elsewhere. 

The  local  capillary  pressure  may  similarly  be  HiniifiittTiiMi — 

1.    By  a  constriction  of  the  renal  artery,  which,  while  increasing 
the  pressure  on  the  cardiac  side  of  the  artery,  diminishes  the  pressure 
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in  the  capillaries  and  veins  which  are  supplied  by  the  artery.  This 
again  must  either  be  accompanied  by  dilation  in  other  vaBcnlar 
areas^  or  at  least  not  accompanied  by  a  compensating  constrictioiu 

2.  By  a  lowering  of  the  general  blood-pressure,  brought  aboni^ 
(a)  by  diminished  force  &c.  of  the  heart's  beat,  (6)  by  a  general 
dilation  of  the  small  arteries  of  the  body  at  large,  or  by  a  dilation 
of  vascular  areas  other  than  the  kidneys. 

Bearing  these  facts  in  mind,  it  becomes  easy  to  explain  many  of 
the  instances  in  which  an  increase  or  diminution  of  urine  is  produced 
by  natural  or  artificial  means.  Thus  section  of  the  spinal  cord 
below  the  medulla  causes  a  great  diminution,  and  indeeid  in  most 
cases  a  complete  or  almost  complete  arrest  of  the  secretion  of  urine. 
In  this  case  the  vascular  areas  of  the  body  at  large  are  cut  off  from 
their  vaso-motor  centre ;  as  a  consequence  general  vascular  dilation 
ensues,  with  a  great  fall  of  the  general  blood-pressture.  Although 
the  renal  arteries  suffer  with  the  rest  in  this  dilation,  yet  since  they 
form  but  a  small  fraction  of  the  whole  arterial  systeni,  the  general 
dilation,  causes  a  diminished  flow  through  them;  and  when  the 
general  blood-pressure  falls  sufficiently  low  (below  30  mm.  mercoiyin 
the  dog)  the  secretion  of  urine  is  totally  arrested. 

Stimulation  of  the  spinal  cord  below  the  medulla^  though  acting 
in  the  converse  direction,  brings  about  the  same  result,  arrest  of  the 
secretion.  By  the  stimulation  the  action  of  the  vaso-motor  nerves  is 
augmented,  and  constriction  of  the  renal  arteries  as  well  as  of  other 
arteries  in  the  body  is  brought  about.  The  increase  of  general  blood- 
pressure  thus  produced  is  insufficient  to  compensate  for  the  increased 
resistance  in  the  renal  arteries ;  and  as  a  consequence  the  flow  of 
blood  into  the  glomeruli  is  largely  reduced.  Indeed  on  inspection 
the  Icidneys  are  seen  during  the  stimulation  to  become  pale  and 
bloodless. 

Section  of  the  renal  nerves  is  followed  by  a  most  copious 
secretion,  by  what  has  been  called  hydruria  or  polyuria,  the  urine 
at  the  same  time  frequently  becoming  albuminous.  The  section  of 
the  nerves,  by  interrupting  the  vaso-motor  tracts,  leads  to  dilation 
of  the  renal  arteries,  and  this  to  increased  capillary  pressure.  If 
after  section  of  the  renal  nerves  the  cord  be  divided  below  the 
medulla,  the  polyuria  disappears;  for  the  diminution  of  general 
blood-pressure  thus  produced  more  than  compensates  for  the  special 
dilation  of  the  renal  arteries.  Conversely,  if  after  section  of  the 
renal  nerves  the  cord  be  stimulated,  the  flow  of  urine  is  still  further 
increased,  since  the  rise  of  general  blood-pressure  due  to  the  general 
arterial  constriction  caused  by  the  stimulation  tends  to  throw  still 
more  blood  into  the  renal  arteries,  on  which,  owing  to  the  division 
of  their  nerves,  the  spinal  stimulation  is  powerless. 

Section  of  the  splanchnic  nerves,  along  which  apparently  the 
vaso-motor  tracts  from  the  spinal  cord  to  the  kidneys  run,  prociuces 
also  an  increased  flow  of  urine.    But  the  augmentation  in  this  case  is 
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mailer  and  less  certain  than  in  the  case  of  section  of  the  renal 
lerves  themselves,  since  the  splanchnic  nerves  govern  the  whole 
planchnic  area,  and  hence  a  large  portion  of  the  increased  supply  of 
lood  is  diverted  from  the  kidney  to  other  abdominal  organs.  Con- 
ersely,  stimulation  of  the  splanchnic  nerves  arrests  the  flow  of  urine 
y  producing  constriction  of  the  renal  arteries. 

We  shall  have  occasion  in  the  succeeding  chapter  to  call  attention 
D  the  isjc\»  that  puncture  of  the  fourth  ventricle,  or  mechanical 
rritation  of  the  first  thoracic  ganglion,  gives  rise  to  the  appearance  of 
large  quantity  of  sugar  in  the  urine,  and  at  the  same  time  causes  a 
dore  copious  flow  of  that  fluid;  the  condition  of  body  thus  brought 
bout  is  known  as  artificial  diabetes.  The  presence  of  the  sugar 
I  not  the  whole  cause  of  the  increased  flow,  for  the  operation,  or  a 
imilar  injury  to  certain  parts  of  the  cerebellum^  may  give  rise  to  an 
zcessive  secretion  of  urme  without  any  sugar  being  present.  It  is 
•robable,  but  not  as  yet  clearly  proved,  that  the  increase  of  urine  is 
ue  to  dilation  of  the  renal  arteries;  and  this  view  is  supported 
y  the  fact  that  the  increase  is  temporarily  prevented  (as  is  also 
.  similar  diabetic  increase  of  flow  in  carbonic-oxide  poisoning)  by 
timulation  of  the  splanchnic  nerves. 

Irritation  of  the  central  end  of  the  vagus  causes  an  increased  flow  of 
rine.  This  may  be  explained  by  supposing  that  the  aflerent  impulses 
aoending  the  vagus  inhibit  that  part  of  the  vaso-motor  centre  which 
joverus  the  renal  arteries,  and  so  produce  dilation  of  those  arteries. 
^Mfiibly  at  the  same  time,  as  in  the  case  of  the  rabbit's  ear  (p.  163),  some 
mount  of  general  constriction  is  brought  about. 

There  are  several  diuretic  drugs,  whose  action  seems  intimately  connected 
rith  blood-pressure,  though  the  phenomena  to  which  they  give  rise  cannot 
t  present  be  completely  explained.  Thus  when  a  large  dose  of  digitalis 
ft  given,  the  general  blood-pressure  at  first  rapidly  increases  and  the  flow 
i  arine  is  primarily  diminished  or  even  arrested.  The  increase  of  pressure 
eems  to  be  due  partly  to  an  increase  in  the  heart's  beat,  but  chiefly  to  an 
Dcrease  in  the  peripheral  resistance,  t. «.  to  arterial  constriction.  Since  the 
nest  of  flow  is  seen  to  take  place  quite  as  readily  in  a  kidney  whose 
lerves  have  been  divided  as  in  one  whose  nerves  have  been  left  intact,  it 
ft  evident  that  the  digitalis  must  cause  arterial  constriction  by  acting  not 
A  the  general  vaso-motor  centre  or  not  on  that  alone,  but  on  the  peripheral 
'aso-motor  mechanisms  (cf.  p.  165).  The  primary  rise  of  pressure,  and 
rrest  of  secretion,  soon  gives  way  to  a  fall  of  pressure  and  a  co{)ious  flow 
»f  urine,  the  increase  of  secretion  beginning  first  and  being  most  marked 
n  the  kidney  the  nerves  of  which  have  been  cut.  The  change  of  pheno- 
nena  may  be  explained  by  supposing  that  the  primary  arterial  constriction 
s  ancoeeded  by  a  secondary  dilation,  beginning  first  and  becoming  most 
iconounced  in  the  kidney  with  divided  nerves.  Whether  there  are  other 
acuMS  at  work  must  be  lefb  at  the  present  undecided. 

The  experimental  phenomena  recorded  above  are  thus  seen  to 
eceive  a  fedrly   satisfactory  explanation  when  they  are  referred 

I  Eckhard,  BeitrOge,  v.  (1870)  163;  n.  1,  51,  117,  176. 
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exclusively  to  variations  in  blood-pressure*  And  many  of  the  na- 
tural variations  in  the  flow  of  urine  may  be  interpreted  in  this  way. 
No  fact  in  the  animal  economy  is  ofbener  or  more  strikindy  brought 
home  to  us  than  the  correlation  of  the  skin  and  the  kidneys  as  &r 
as  their  secretions  are  concerned;  and  this  seems  to  be  maintained  by 
means  of  the  vaso-motor  nervous  mechanism.  Thus  when  the  skin  u 
cold,  its  blood-vessels  are,  as  we  know,  constricted.  This  by  cansing 
an  increase  of  general  blood-pressure,  accompanied  most  probably  by 
a  dilation  of  the  splanchnic  vascular  area,  possibly  by  a  special 
dilation  of  the  renal  arteries,  must  anient  the  flow  through  the 
kidneys.  Conversely,  the  dilated  condition  of  the  arteries  of  a  warn 
skin,  with  the  consequent  diminution  of  general  blood-pressore,  ac- 
companied possibly  with  a  corresponding  dilation  of  the  splanchnic 
(renal)  vascular  Areas,  would  give  rise  to  a  diminished  renal  dis- 
charge. The  effects  of  emotions  may  be  explained  in  a  similar  way 
as  essentially  vaso-motor  phenomena. 

The  increase  of  urine  observable  after  taking  fluids  cannot  be  ex- 
plained by  reference  to  any  direct  increase  of  blood-pressure  doe  to  an 
augmentation  of  the  quantity  of  blood,  for,  as  we  have  seen  (p.  174),  an 
increase  of  the  quantity  of  blood  does  not  raise  the  general  blood-prasaie. 
Possibly  the  introduction  of  the  fluid  into  the  alimentary  canal  may  causa 
a  dilation  of  the  splanchnio  or  renal  areas  either  directly,  or  indirectly,  in 
a  reflex  manner  by  the  help  of  the  vagL  This  observation  refers  of  oonna 
to  inert  fluids,  such  as  water;  the  introduction  of  various  substanoes  in  an 
ordinary  meal  may  afiect  the  flow  of  urine  in  other  ways  to  be  presently 
tttated. 

At  the  same  time  it  must  be  remembered  that  here,  as  in  the 
case  of  the  salivary  gland,  what  appears  to  be  at  first  sight  a  simple 
action  of  vaso-motor  nerves  may  be,  after  all,  a  direct  action  of  nerves 
on  secreting  cells  accompanied  by  an  adjuvant  but  not  indispensable 
vaso-motor  action.  Against  such  a  possibility  may  be  urged  the  fact 
that  as  far  as  we  know  atropin  has  no  such  effect  on  renal  as  it  has 
on  salivary  secretion,  and  the  reflection  that  in  the  case  of  urine, 
in  distinction  to  that  of  saliva,  a  mere  discharge  of  water  from 
the  body  is  one  object  of  the  renal  mechanism,  and  this  object  would 
naturally  be  gained  by  the  simpler  process  of  filtration  through 
blood-pressure,  rather  than  by  the  more  laborious  method  of  active 
secretion. 

Secretion  hy  the  Renal  Epithelium. 

So  dependent  indeed  on  blood-pressure  does  the  secretion  of 
urine  appear  to  be,  that  many  have  considered  the  process  to  be 
simply  and  wholly  a  matter  of  diffusion,  of  filtration  at  a  varying 
pressure.  Thus  the  older  view  of  Bowman^ — ^that  the  urine  consisted 
essentially  of  two  parts,  %.e.  of  the  water  and  the  more  general  oonsti- 

1  PhiL  Tram.,  1842, 
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tuents  which  made  their  way  through  the  glomeruli,  and  of  the  dis- 
tinct specific  constituents  which  were  discharged  by  the  activity  of 
the  renal  epithelium  into  the  channels  of  the  tubules — gave  way  very 
largely  to  tne  conception  of  Ludwig  and  his  school,  who  taught  that 
all  the  urine  in  a  diluted  form  passed  through  the  glomeruli,  and  in 
its  descent  along  the  tubules  underwent  nothing  more  than  an  appro^ 
priate  concentration. 

Against  such  a  view  might  be  urged  among  other  d  priori  argu- 
ments the  isiCt  that,  while  undoubtedly  the  great  majority  of  the 
urinary  constituents  readily  diffuse,  some  of  them,  ex.  gr.  the  pig- 
ments, do  not.  But  we  have  now  no  need  of  d  priori  arguments, 
since  Heidenhain^  has  shewn  that,  with  regard  to  one  substance  at 
least,  the  renal  epithelium  does  exercise  a  distinct  secreting  activity, 
independent  of  and  distinct  from  the  relations  of  blood-pressure. 
Into  the  veins  of  animals  in  which  the  urinary  flow  had  oeen  ar- 
rested by  section  of  the  spinal  cord  below  the  medulla,  Heidenhain 
injected  the  sodium  sulphindigotate,  or  so-called  indigo-carmine.  By 
killing  the  animals  at  appropriate  times  and  examining  the  kidneys 
microscopically  and  otherwise,  he  was  enabled  to  ascertain  that  the 
pigment  so  injected  passed  from  the  blood  into  the  renal  epithelium, 
and  from  thence  into  the  channels  oi  the  tubules,  where  it  was  preci- 
pitated in  a  solid  form.  There  being  no  stream  of  fluid  through  the 
tubules,  owing  to  the  arrest  of  urinary  flow  by  means  of  the  preliminary 
operation,  the  pigment  travelled  very  little  way  down  the  interior  of 
the  tubules,  and  remained  very  much  where  it  was  cast  out  by  the 
epithelium  cells.  There  were  no  traces-  whatever  of  the  pigment 
having  passed  by  the  glomeruli ;  and  the  cells  whieh  could  be  seen 
distinctly  to  take  up  and  eject  it,  were  those  lining  such  portions  of 
the  tubules  {viz,  the  so-called  secreting  tubules,  intercalated  tubules 
and  portions  of  the  loops  of  Henle)  as  from  their  microscopic  features 
have  been  supposed  to  be  the  actively  secreting  portions  of  the  entire 
tubules.  By  varying  the  quantity  injected  and  the  time  which  was 
allowed  to  elapse  between  the  injection  and  subsequent  inspection, 
Heidenhain  was  able  to  trace  the  material  step  by  step  into  the  cells, 
out  of  the  cells  into  the  interior  of  the  tubules,  and  for  some  little 
distance  along  the  tubules.  The  advantage  of  the  absence  of  a  large 
flow  of  urine  is  obvious;  had  this  been  present,  the  pigment  would 
have  been  rapidly  carried  off  immediately  that  it  issued  from  the 
cells  into  the  interior  of  the  tubules.  One  observation  he  made 
of  a  peculiarly  interesting  character.  After  injecting  a  certain  quan- 
tity of  pigment,  and  allowing  such  a  time  to  elapse  as  he  knew  from 
previous  experiments  would  suffice  for  the  pckssage  of  the  material 
through  the  epithelium  to  be  pretty  well  completed,  he  injected  a 
Beoond  quantity.  He  found  that  the  excretion  of  this  second  quantity 
was  most  incomplete  and  imperfect.  It  seemed  as  if  the  cells  were 
saAuugted  hy  their  previous  efforts,  just  as  a  muscle  which  has  been 
Beverely  tetanized  will  not  respond  to  a  renewed  stimulation. 

1  Pflttser's  Archiv,  n.  (1874)  1. 
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As  far  as  indigo-carmine  is  concerned,  then,  we  are  justified  in 
speaking  of  an  active  though  not  a  formative  secretion  bv  mesDS  o( 
the  epithelium,  which  seems,  in  thus  taking  the  pigment  out  of  the 
blood  and  passing  it  on  into  the  channel  of  the  tubules,  to  play  t 
part  not  unlike  that  which  we  ascribed  (p.  247)  to  the  epithelrom 
cell  of  the  villus  in  taking  up  fat  from  the  intestine  and  passing  it  oa 
into  the  lacteal.  But  indigo-carmine  is  not  a  natural  oonstitaent  of 
the  urine,  and  it  would  be  desirable  that  the  same  activity  should  be 
proved  in  the  case  of  the  natural  constituents.  On  Heidenhain's  at- 
tempting to  do  this  by  the  injection  of  urates,  he  found,  in  sjnte  of 
the  blood-pressure  remaining  below  the  normaJ,  or  at  least  not  being 
proportionably  increased,  that  such  a  copious  flow  of  urine  took  plao9 
as  swept  away  the  contents  of  the  tubules  and  so  prevented  the  en- 
dences  of  local  activity  being  manifested.  Still  this  yerj  increase  of 
flow,  and  a  similar  increase  seen  after  the  injection  of  oUier  diuretics 
such  as  urea\  sodium  chloride,  potassium  nitrate,  &c.,  unaocompanied 
by  any  corresponding  change  in  blood-pressure,  may,  until  it  haBbeen 
otherwise  explained,  be  regarded  as  at  least  an  indication  that  die 
epithelium  cells  have  an  active  share  in  the  secretion  of  even  the 
fluid  parts  of  urine,  and  that  they  may  be  called  into  activity  bf 
substances  behaving  to  them,  in  some  way  or  other,  as  diemieil 
stimuli. 

Although  therefore  much  yet  remains  to  be  done,  before  ibis 
question  can  be  regarded  as  thoroughly  settled;  still,  leaning  on  lb6 
analogy  of  other  glands,  we  shall  probably  not  err  in  supposing  tbs^ 
future  researches  will  be  able  to  demonstrate  with  exactitude  ai^ 
active  function  of  the  renal  epithelium,  and  at  the  same  time  to 
mark  out  distinctly  the  limits  and  mutual  relations  of  active  secretioO 
and  passive  mechanical  filtration  of  urine. 

One  consideration,  of  quite  secondary  importance  in  the  glands 
which  have  been  previously  studied,  acquires  great  prominence,  wheta 
the  kidney  is  being  studied.     In  studying  the  pancreas  and  gastrin 
glands,  we  concluded  without  much  discussion  that  the  zymogen  aD<l 
pepsinogen  were  formed  in  the  epithelium  cells;  for  no  great  manu-' 
facture  of  these  substances  is  going  on  in  other  parts  of  the  body. 
The  kidney  however  is  emphatically  an  excreting  organ:  its  great 
function  is  to  get  rid  of  substances  produced  by  the  activity  of  other 
tissues;  its  work  is  not  to  form  but  to  eject.     There  can  be  no  donbt, 
to  put  forward  a  strong  instance,  that  with  regard  to  urea  it  would 
be  absurd  to  suppose  that  the  whole  series  of  changes  from  the  inro- 
teid  condition  to  the  urea  stage  is  carried  on  by  the  kidney.    But 
there  still  remains  the  question,  Are  any  of  the  stages  carried  on  in 
the  kidney,  and  if  so  what  ?     Is  the  secreting  activity  of  the  renal 
epithelium  confined,  as  was  suggested  in  our  early  remarks  on  secre- 
tion, p.  205,  to  picking  out  the  already  formed  urea  from  the  blood  ? 
Or  does  the  secreting  cell  of  the  tubule  receive  from  the  blood  some 

^  Usiimowitsch,  Ludwig's  Arhtitent  1870,  p.  199. 
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liecedent  of  urea,  and  in  the  laboratory  of  its  protoplasm  convert 
kt  antecedent  of  urea  into  urea  itself?  and  if  so,  what  is  that  ante- 
lent  which  comes  to  the  kidney  in  the  blood  of  the  renal  artery  ? 
d  so  with  many  other  of  the  urinary  constituents. 
In  order  to  complete  our  study  of  renal  activity,  this  question 
;ht  to  be  considered  now ;  but  for  many  reasons  it  will  be  more 
ivenient  to  defer  the  matter  to  the  succeeding  chapter,  in  which  we 
kl  with  the  metabolic  events  of  the  body  in  general 


Ssa  3.    Micturition. 

The  urine,  like  the  bile,  is  secreted  continuously;  the  flow  may  rise 
1  fall,  but,  in  health,  never  absolutely  ceases  for  any  length  of  time. 
d  cessation  of  renal  activity,  the  so-called  suppression  of  urine, 
ails  speedy  death.  The  minute  streams  passing  continuously,  now 
re  rapidly  now  more  slowly,  along  the  collecting  and  discharging 
Allies  are  gathered  into  the  renal  pelvis,  whence  the  fluid  is  carried 
^  the  ureters  by  the  peristaltic  contractions  of  the  muscular  walls 
those  channels  (see  p.  82)  into  the  urinary  bladder.  When  a 
ter  is  divided  in  an  animal,  and  a  cannula  inserted,  the  urine  may 
observed  to  flow  from  the  cannula  drop  by  drop,  slowly  or  rapidly 
3rding  to  the  rate  of  secretion.  In  the  urinary  bladder,  the  urine 
oUected,  its  return  into  the  ureters  being  prevented  by  the  oblique 
inilar  nature  of  the  oriflces  of  those  tubes,  and  its  discharge  from 
Qoe  in  considerable  quantities  is  effected  from  time  to  time  by  a 
lewhat  complex  muscular  mechanism,  of  the  nature  and  working 
^hich  the  following  is  a  brief  account  The  involuntary  muscular 
es  forming  the  greater  part  of  the  vesical  walls  are  arranged  partly 
I  more  or  less  longitudinal  direction  forming  the  so-called  detrusor 
^«,  and  partly  in  a  circular  manner,  the  circular  fibres  being  most 
eloped  round  the  neck  of  the  bladder  and  forming  there  the 
cdled  sphincter  vesic88.  After  it  has  been  emptied  the  bladder 
:>ntracted  and  thrown  into  folds;  as  the  urine  gradually  collects, 
lladder  becomes  more  and  more  distended.  The  escape  of  the 
3  is  however  prevented  by  the  resistance  offered  by  the  elastic 
^  of  the  urethra  which  keep  the  urethral  channel  closed.  Some 
dtain  that  the  tonic  contraction  of  the  sphincter  vesicse  aids  in 
cideed  is  the  chief  cause  of  this  retention.  When  the  bladder  has 
>me  full,  we  feel  the  need  of  making  water,  the  sensation  being 
rhtened  if  not  caused  by  the  trickling  of  a  few  drops  of  urine  from 
lull  bladder  into  the  urethra.  We  are  then  conscious  of  an  effort; 
iJig  this  effort  the  bladder  is  thrown  into  a  long  continued  con- 
tion  of  an  obscurely  peristaltic  nature,  the  force  of  which  is  more 
^  suflBcient  to  overcome  the  elastic  resistance  of  the  urethra^  and 
^  urine  issues  in  a  stream,  the  sphincter  vesicsB,  if  it  act  as  a 
tncter,  being  at  the  same  time  relaxed  after  the  fashion  of  the 
Uicter  ani.    In  it9  passage  aloi^g  the  urethi^,  the  exit  of  the  mcvol^ 
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is  forwarded  by  irregulaily  rhTthmic  contracdons  of  the  bulbo-carer- 
nosus  or  ejaculator  urinaB  muscle,  and  the  whole  act  is  further  asButed 
by  abdominal  pressure  exerted  by  means  of  the  abdominal  masdea^ 
veiy  much  the  same  as  in  deSaecadon. 

The  condnuitT  of  the  sphincter  Temce  with  the  ml  of  the  dreohr 
fibres  of  the  bladder  soggests  that  it  probably  is  not  a  sphincter,  but  tint  iti 
use  lies  in  its  contracting  after  the  rest  of  the  tcsicbI  fifanSy  and  thus  fimib- 
ing  the  cTacuadon  of  the  bladder.  On  the  other  hand,  tiie  fret  thit  the 
neck  of  the  bladder  can  withstand  a  pressore  of  20  indws  of  water  ao  ^ao% 
as  the  bladder  is  gOTemed  by  an  intact  spinal  eoid,  bat  apresBore  of  6  inchei 
only  when  the  lumbar  spinal  cord  is  destroyed  or  the  TOsiGsl  nonei  m 
severed,  affords  very  strong  evidence  in  fikvoor  of  the  Tiew  that  the 
obstrucdon  at  the  neck  of  the  bladder  to  the  exit  of  urine  depends  on  nsie 
tonic  muscular  contraction  maintained  by  a  reflex  or  automatic  action  of 
die  lambar  spinal  cord. 

Micturidon  therefore  seems  at  first  sight,  and  especially  whoi  we 
appeal  to  our  own  consciousness,  a  purely  Toluntaiy  act  A  Yoluntaij 
effort  throws  the  bladder  into  contracdons,  an  aooompanyii^  Tiduntaij 
effort  throws  the  ejaculator  and  abdominal  muades  also  into  oatnc- 
dons,  and  the  resistance  of  the  urethra  being  thereby  OYeioome  the 
exit  of  the  urine  naturally  folloii^  If  we  adopt  the  ¥iew  of  a  8phiiu> 
ter  resicae.  we  hare  to  add  to  the  above  simple  statement  the  sap- 
position  that  the  will,  while  causing  the  detrusor  urime  to  contract, 
at  the  same  time  lessens  the  tone  of  the  sphincter,  probably  by  inbi- 
biting  its  centre  in  the  lumbar  cord. 

There  are  two  facts  however  which  prevent  the  aooeptanoe  of  ft) 
simple  a  view.  In  the  first  place  Goltz^  has  shewn  that  quite  nonnil 
micturition  may  take  place  in  a  dog  in  which  the  lumbar  region  of 
the  spinal  cord  has  been  completely  separated  by  section  from  the 
dorsal  rc^on.  In  such  a  case  there  can  be  no  exercise  of  volitioD, 
and  the  whole  prx>cess  appears  as  a  reflex  actioiL  When  the  Usdder 
is  full  (and  otherwise  apparently  under  the  circumstances  the  set 
fails)  any  slight  stimulus,  such  as  sponging  the  anus  or  slight  pressoie 
on  the  abdominal  walls,  causes  a  complete  act  of  micturition ;  the 
bladder  is  entirely  emptied,  and  the  stream  of  urine  towards  the  end 
of  tho  act  undergoes  rhythmical  augmentations  due  to  contractioBS 
of  tho  ejaculator  urin^e.  These  facts  can  only  be  interpreted  on  the 
view  that  thoT>>  03dst5  in  the  lumbar  cord  (of  the  dog)  a  micturition 
ivntn^  OAj\ablo  of  being  thrown  into  action  by  appropriate  afferent 
iuipulsos,  tho  action  of  the  centre  being  such  as  to  cause  a  contraction 
of  tho  walls  of  tho  bladder  and  of  the  ejaculator  uriiue,  and  possibly 
at  tho  sjuno  time  to  suspend  the  tone  of  the  sphincter  vesicas.  Simi- 
lar i«stauot\<  of  retlox  micturition  have  been  observed  in  cases  d 
ivwalysis  fn^m  disease  or  injury  of  the  spinal  cord ;  and  involuntary 
uuoturitiou  is  ovnumon  in  children,  as  the  result  of  irritation  of  the 
{vlvis  and  gvnital  organs,  or  of  emotions.     In  the  adult  Uxs  &> 

^  r£i^C«r*t  Jrdbir,  Tm.  (1874)  474. 
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Shylock  has  informed  us,  emotions,  or  at  least  sensory  impressions, 
may  in  a  reflex  manner  be  the  cause  of  micturition.  In  such  cases 
we  may  £Edrly  suppose  that  the  centre  in  the  lumbar  cord  is  af- 
fected by  afferent  impulses  descending  from  the  brain.  And  this 
leads  us  to  the  conception  that  when  we  make  water  by  a  conscious 
effort  of  the  will,  what  occurs  is  not  a  direct  action  of  the  will  on  the 
muscular  walls  of  the  bladder,  but  that  impulses  started  by  the  will 
descend  from  the  brain  after  the  fashion  of  afferent  impulses  and  thus 
in  a  reflex  manner  throw  into  action  the  micturition  centre  in  the 
lumbar  spinal  cord.  Nor  is  this  view  negatived  by  the  fact  that 
paralysis  of  the  bladder,  or  rather  inability  to  make  water  either 
voluntarily  or  in  a  reflex  manner,  is  a  common  symptom  of  spinal 
disease  or  injury.  Putting  aside  the  cases  in  which  the  reflex  act  is 
not  called  forth  because  the  appropriate  stimulus  has  not  been  ap- 
plied, the  failure  in  micturition  under  these  circumstances  may  be 
explained  by  supposing  that  the  shock  of  the  spinal  injury  or  some 
extension  of  the  disease  has  rendered  the  lumbar  centre  unable  to 
act 

In  the  second  place,  in  cases  of  urethral  obstruction,  where  the 
bladder  cannot  be  emptied  when  it  reaches  its  accustomed  fulness, 
the  increasing  distension  sets  up  fruitless  but  powerful  contractions 
of  the  yesicid  walls,  contractions  which  are  clearly  involuntary  in 
nature,  vhich  vane  or  disappear,  and  return  again  and  again  in  a 
completely  rhythmic  manner,  and  which  may  be  so  strong  and 
powerful  as  to  cause  great  suffering.  It  seems  that  fibres  of 
the  bladder,  like  all  other  muscular  fibres,  have  their  contractions 
augmented  in  proportion  as  they  are  subjected  to  tension  (see  p.  69). 
Just  as  a  previously  quiescent  ventricle  of  a  frog's  heart  may  be 
excited  to  a  rhythmic  beat  by  distending  its  cavity  with  blood,  so  the 
quiescent  bladder  is  excited,  by  the  distension  of  its  cavity,  to  a 
peristaltic  action  which  in  normal  cases  is  never  carried  beyond  a  first 
effort,  since  with  that  the  bladder  is  emptied  and  the  stimulus  is 
removed,  but  in  cases  of  obstruction  is  enabled  clearly  to  manifest  its 
ihytbmic  nature. 

The  so-called  incontinence  of  urine  in  children  is  in  reality  an 
easily  excited  and  frequently  repeated  reflex  micturition.  In  cases  of 
spinal  disease  another  form  of  incontinence  is  common.  The  bladder 
becoming  full,  but,  owing  to  a  failure  in  the  mechanism  of  voluntary 
or  reflex  micturition,  being  unable  to  empty  itself  by  a  complete 
contraction,  a  continual  dribbling  of  urine  takes  place  through  the 
urethra^  the  fulness  of  the  bladder  being  sufficient  to  overcome  the 
slastic  resistance,  or  the  tone  of  the  sphincter  suffering  from  the 
affection  and  becoming  permanently  inhibited. 


The  latter  view  seems  improbable,  and  there  is  no  satisfactory  evidence 
&hat  intrinsic  oontractions  of  the  bladder  do  not  occur  in  these  oases. 


CHAPTER   V. 


THE  METABOLIC  PHENOMENA  OF  THE  BODY. 


We  have  followed  the  food  thitnigh  its  changes  in  the  alimentny 
canal,  and  seen  it  enter  into  the  blood,  either  directly  or  by  Ike 
intermediate  channel  of  the  chyle,  in  the  form  of  peptone  (or  oUwr- 
wise  modified  albumin),  sugar  (lactic  acid),  and  fats,  aooompsnied 
by  various  salts.  We  have  further  seen  that  the  waste  prodocto 
which  leave  the  body  are  urea,  carbonic  add  and  salts.  We  ham 
now  to  attempt  to  connect  together  the  food  and  the  waste  products; 
to  trace  out  as  far  as  we  are  able  the  various  steps  by  which  the  m 
is  transformed  into  the  other,  and  to  inq^uiie  into  the  manner  in  wbidi 
the  energy  set  fn^  in  this  transformation  is  distributed  and  nude 
use  of. 

The  master  tissues  of  the  body  are  the  mnscolar  and  nenooi 
tissues:  all  the  other  tissues  maybe  regarded  as  the  servants  of  thei& 
And  we  mav  fairly  presume  that  besiaes  the  digestive  and  excieftoi7 
tissues  whicb  we  have  already  studied,  many  parts  of  the  body  are  e&- 
gag^\I  eiiher  in  further  elaborating  the  comparatively  raw  food  whicb 
eutor>  the  bUxxI,  in  order  that  it  may  be  assimilated  with  the  ktft 
possible  lalv^ur  by  the  master  tissues,  or  in  so  modifying  the  wi«t« 
prvxluots  which  arise  lirom  the  activity  of  the  master  tissues  tiiat  tkef 
may  Iv  removevl  frvm  the  Kxly  as  speedily  as  possible.  There  ctf 
Iv  no  doubt  that  manifold  intermediate  changes  of  this  kind  do  tik« 
plact^  in  the  Ivuy:  but  our  knowledge  of  the  matter  is  at  preseo* 
vory  importVvt.  In  one  or  two  instances  only  can  we  localize  these 
motalv^Uo  aotions  and  speak  of  distinct  metabolic  tissues.  In  the 
majority  of  oascs  wo  can  only  trace  out  or  infer  chemical  chai^ 
without  Iviuj:  aMo  to  say  nic^r^  thin  that  they  do  take  place  80^n^ 
whoro:  a:ul  in  o^^v-mnjuciuw  perhap?  somewhat  loosely,  speak  of  theffl 
as  takinc  vlaot?  in  the  bAXxi. 


Sec.  !•    Metabouc  Tissns. 

Tb*o  K>*:»ki\owu  aiivi  :v.v>>:  crsuvfully  srniied  example  of  metabolic 
aoti\it\  i!^  tho  foru;a:ioxL  o:  g->vv§e:i  in  the  hepatic  cells. 
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Claude  Bernard^  in  studying  the  history  of  sugar  in  the  economy, 
}  led  to  compare  the  relative  quantities  of  sugar  in  the  portal  and 
latic  veins,  expecting  to  find  tnat  the  sugar  possibly  diminished  in 

passage  of  tne  blood  through  the  liver;  he  was  astonished  to 
30ver  that,  on  the  contrary,  the  quantity  was  vastly  increased.  He 
nd,  and  anyone  can  make  the  observation,  that  when  an  animal 
in^  under  ordinary  conditions  is  killed,  not  only  does  the  hepatic 
OQ  contain  a  considerable  amount  of  sugar,  even  when  there 
little  or  none  in  the  portal  blood,  but  that  an  aqueous  infusion  of 
5  liver  is  rich  in  sugar  (grape-sugar).  Not  only  so,  but  the  sugar 
itiDues  to  be  present  in  the  liver  when  all  blood  has  been  washed 
t  of  the  organ  by  a  stream  of  water  driven  through  the  portal  vein, 
d  goes  on  increasing  in  amount  for  some  hours  after  death.  Only 
B  iDterpretation  of  these  facts  is  possible ;  so  far  from  the  liver 
rtroying  or  converting  the  sugar  brought  to  it  by  the  portal  vein, 
18  clearly  a  source  of  sugar ;  the  hepatic  tissue  evidently  contains 
ne  sul^tance  capable  of  giving  nse  to  the  presence  of  sugar, 
rnard  further  found  that  when  the  liver  was  removed  from  the 
iy  immediately  after  death,  and,  after  being  divided  into  small 
5068,  was  thrown  into  boiling  water,  the  infusion  or  decoction  con- 
ned very  little  sugar,  and  that  the  small  quantity  which  was  present 
1  not  increase  even  when  the  decoction  was  allowed  to  stand  for 
lie  time.  The  decoction,  however,  was  peculiarly  opalescent,  in- 
xl  milky  in  appearance ;  whereas  the  decoction  of  a  liver  which 
1  been  allowed  to  remain  exposed  to  warmth  for  some  time  after 
ith,  before  being  boiled,  and  which  accordingly  contained  a  large 
lount  of  sugar,  was  quite  clear.  On  adding  saliva,  or  other  amy- 
ftic  ferment,  to  the  opalescent,  sugarless  or  nearly  sugarless,  de- 
tion  and  exposing  it  to  a  gentle  warmth  (35® — 40®),  the  opalescence 
appeared;  the  fluid  became  clear,  and  was  then  found  to  contain 
OQsiderable  quantity  of  sugar,  the  sugar  thus  formed  being  identical 
h  ordinary  grape-sugar.  Here  again  the  explanation  was  obvious. 
9  opalescence  of  the  decoction  of  boiled  liver  is  due  to  the  presence 
4  body  which  is  capable  of  being  converted  by  the  action  of  a  fer- 
nt  into  grape-sugar,  and  is  therefore  of  the  nature  of  starch.  At  the 
ment  of  death  the  liver  must  contain  a  considerable  quantity  of  this 
stance,  which  after  death  becomes  gradually  converted  into  sugar, 
•arently  through  the  action  of  some  amylolytic  ferment  present  in 

liver  itself  or  retained  within  the  hepatic  vessels.  Hence  the 
t-mortem  appearance  of  a  continually  increasing  quantity  of  sugar. 

precipitating  the  opalescent  decoction  with  alcohol,  by  boiling 

precipitate  with  alcohol  containing  potash,  whereby  the  proteid 
Jorities  clinging  to  it  were  destroyed,  and  by  removing  adherent 
»  by  ether,  Bernard  was  able  to  obtain  this  sugar-producing  or 
oogenic  substance  in  a  pure  state  as  a  white  amorphous  powder, 
h  a  composition  of  CgHj„0,,  and  therefore  evidently  a  starch. 

^  Ifouv.  Fonct.  du  Foie,  1853. 
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Its  most  striking  differences  from  starch  were  that  it  gave  a  deepied 
and  not  a  blue  colour  with  iodine,  and  that  it  dissolved  in  irater 
forming  a  milky  fluid.    He  gave  to  it  the  name  of  glycogen. 

Since  Bernard's  discovery  glycogen  has  been  recognised  as  a 
normal  constituent,  variable  in  quantity,  of  hepatic  tissue  both  in 
vertebrate  and  invertebrate  animals.  That  it  is  present  in  the 
hepatic  cells,  and  not  simply  contained  in  the  hepatic  blood,  is  shewa 
by  the  fact  that  it  remains  in  the  liver  after  all  blood  has  been 
washed  out  of  that  organ.  It  has  also  been  found  in  the  placenta,  in 
muscle,  white  corpuscles,  testes,  brain,  and  in  other  situations;  the 
tissues  of  the  embryo  at  an  early  stage,  especially  before  the  liver  hai 
become  functionally  active,  are  particularly  rich  in  it. 

Origin  of  the  hepatic  Glycogen*  Bernard  found  glycogen  to 
be  present  in  the  livers  of  uogs  which  had  been  fed  exclusively  on 
meat ;  and  was  accordingly  inclined  at  first  to  the  opinion  that  the 
glycogen  in  the  liver  was  unconnected  with  the  carbohydiatoB 
taken  as  food  and  derived  exclusively  from  the  proteids;  that  Hs 
presence  in  fact  indicated  the  manufacture  of  non-nitrogenoosoatof 
nitrogenous  material.  Flesh,  however,  especially  that  of  the  hone 
(so  frequently  used  as  food  for  dogs),  contains  glycogen,  or  at  leut 
sugar,  and  this  might  serve  as  the  source  of  the  glycogen  in  the  liter 
of  the  flesh-fed  dogs.  Subsequent  and  more  exact  inquiries  have  led 
to  the  following  results. 

When  food  is  withheld  from  an  animal,  the  glycogen  in  thelittf 
diminishes,  rapidly  at  first,  but  more  slowly  afterwards.  Even  after 
some  days'  starvation  a  small  quantity  is  frequently  still  found; 
but  in  rabbits,  at  all  events,  the  whole  may  eventually  disappeit 
A  diet  of  fibrin  with  fat  and  a  little  salt  does  not  appreciably  increase 
the  amount  beyond  that  found  in  total  abstinence*  All  observed 
agree  that  fat  alone  does  not  produce  any  increase.  A  meat  diet 
does  produce  a  certain  amount.  Cereals  increase  the  amount  coo* 
siderably,  but  the  greatest  and  most  rapid  augmentation  is  effected 
by  sugar  or  starch,  and  it  would  seem  especially  by  sugar  ^  Thtf 
in  hens  the  percentage  of  glycogen  reckoned  for  the  wet  Uver  va^ 
after  two  days'  starvation,  '5,  after  a  diet  of  fibrin  and  fat  'SS,  aft* 
meat  1*06,  after  barley  3*62,  after  sugar  with  fibrin  9*26,  the  diet 
in  each  case  being  administered  for  two  days.  Similar  results  have 
been  gained  on  rabbits  and  rats ;  and  though  perhaps  a  distinctioa 
has  not  been  drawn  with  sufficient  accuracy  between,  camivoio* 
and  herbivorous  animals,  they  may  be  taken  as  holding  good  ^ 
animals  of  all  kinds.  Dock  found  that  when  an  animal  (rabhit) 
was  starved  until  the  glycogen  had  wholly  disappeared,  the  intro- 
duction of  sugar  into  the  alimentary  canal  gave  rise  to  the  presence 
of  glycogen  in  the  liver  within  a  few  hours,  whereas  water  or  proteiJ* 

1  MacDonnell,  Nat  Hist,  Rev.  1863,  p.  541.  TsoherinofF,  Moleschott'a  Vnierpt^ 
X.  (1870)  226.  Dock,  PflUger's  Archiv,  v.  (1872)  71.  Mering,  Pfluger's  Arckiv,  «»• 
(1877)  274.    Cf.  also  Pavy  on  Diabetes. 
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10  such  effbct    All  observers,  in  fact,  are  agreed  that  the  pro- 
of glycogen  in  any  considerable  quantity  in  the  liyer  is  more 
ly  influenced  by  saccharine  or  amylaceous  than  by  any  other 
of  food. 

lie  question  then  arises,  Is  the  accumulation  of  glycogen  in  the 
caused  by  the  sugar  which  reaches  the  liver  through  the  blood 
liug  directly  reconverted  into  the  starch-like  glycogen  and 
ited  in  the  hepatic  cells;  or,  has  the  hepatic  glycogen  quite 
erent  origin,  being  formed  in  the  hepatic  cells  out  of  the  breaking 
'  their  protoplasm,  and  being  carried  thence  and  consumed  in 
way  or  other  as  the  needs  of  the  economy  for  carbohydrate 
rial  demand,  so  that  the  excess  which  appears  in  the  liyer  after 
nylaceous  diet  is  due  to  the  fact  that  the  carbohydrates  taken 
od  cover  the  necessary  expenditure  and  prevent  any  demand 
made  on  the  hepatic  store  ?  The  answer  to  these  questions 
depend  on  the  answer  to  another  question,  What  becomes  of 
lepatic  glycogen  during  life  ?  Is  it  reconverted  little  by  little 
sugar  which,  passing  mto  the  blood  of  the  hepatic  veins,  is 
sea  or  otherwise  made  use  of,  or  is  it  in  the  hepatic  cells  con- 
1  into  some  more  complex  substance,  it  may  be  fat  or  some 
body? 


ate  of  fhe  hepatic  Glycogen.    The  view  that  glyco^n  is  con- 

1  into  fat  is  based  chiefly  on  the  fact,  that,  as  we  studl  see  later 
lie  carbohydrates  of  the  food  are  undoubtedly,  in  some  way  or 
,  a  source  of  the  fat  of  the  body,  that  a  large  quantity,  fre- 
iy  a  very  large  quantity,  of  fat  is  found  in  the  nepatic  cells, 
hat  the  quantity  of  fat  present  seems  to  be  increased  by  such 
as  naturally  increase  the  glycogen  in  the  liver.  But  we  shall 
occasion  to  point  out  that  the  direct  conversion  of  carbohydrates 
at  is  at  least  disputed ;  and  no  one  has  yet  been  able  even  to 
ist  the  way  in  which  glycogen  could  be  converted  into  fat. 
^  the  discussion  as  to  the  fate  of  the  hepatic  glycogen  has  been 
to  turn  chiefly  on  the  question,  whether  normally,  during  life, 
is  evidence  of  the  reconversion  of  the  glycogen  into  sugar, 
ler  the  blood  of  the  hepatic  vein  contains  in  life  more  sugar 
that  of  the  portal  vein.  Pavy  was  the  first  to  point  out  that 
lood  in  the  hepatic  vein,  if  care  be  taken  to  keep  the  animal 
perfectly  normal  condition,  contains  no  more  sugar  than  does  the 
of  the  right  auricle  or  of  the  portal  vein,  and  indeed  that  the 
itself,  if  examined  before  any  post-mortem  changes  have  had 
to  develope  themselves,  is  free  from  sugar ;  in  this  he  has  been 
irted  by  TscherinofF,  and  others.  Some  observers^  on  the 
tfy,  support  the  old  opinion  of  Bernard,  that  the  liver  does 
dly  discharge  a  certain  quantity  of  sugar  into  the  hepatic  veins. 
resence  of  the  conflicting  evidence,  we  shall  not  go  far  wrong 
lumiug  that  this  older  view  is  not  as  yet  clearly  disproved  \ 

>  Cf.  Bernard,  Le^om  tur  U  DiahHe,  1877, 
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The  matter  is  probably  one  which  cannot  be  settled  by  ilui  mdlMi 
The  quantitative  determination  of  sugar  in  blood  is  open  to  manj  aoutei  J 
of  error.  When  the  quantity  of  blood  which  is  continually  flowing  throogb  ' 
the  liver  is  taken  under  consideration,  it  is  obvious  that  an  amonni  of 
sugar,  which  in  the  specimen  of  blood  taken  for  examination  fell  irithin 
the  limits  of  errors  of  observation,  might  when  multiplied  by  the  wbok 
quantity  of  blood,  and  by  the  number  of  times  the  blood  passed  throagh 
the  liver  in  a  certain  time,  reach  dimensions  quite  sufficient  to  account  for 
the  conversion  into  sugar  of  the  whole  of  the  glycogen  present  in  the  lirer 
at  any  given  time.  Normal  hepatic  blood  was  obtained  by  Pavy,  bj  meiDi 
of  an  ingenious  catheterisation.  He  introduced  through  the  jugular  vein, 
into  the  superior,  and  so  into  the  inferior  vena  cava,  a  long  catheter, 
constructed  in  such  a  manner  that  he  could  at  pleasure  plug  up  the  yeoa 
cava  below  the  embouchement  of  the  hepatic  veins,  and  draw  blood  exds- 
sively  from  the  latter;  or  vice  versa. 

If  however  we  admit  that  the  liver  is  either  continually  or  at 
intervals  reconverting  its  glycogen  into  sugar,  we  are  led  to  the  con- 
clusion that  the  hepatic  glycogen  is  in  fact  a  reserve  store  of  carbo- 
hydrate material.  And  we  can  accept  this  conclusion  without  being 
able  to  say  definitely  what  becomes  of  the  sugar  thus  thrown  into  the 
hepatic  blood.  We  have  already  (p.  286)  urged  the  difficnlties  which 
arc  occasioned  by  the  view  that  sugar  is  oxidized  in  the  blood,  since 
we  have  no  proof  that  the  blood  can  oxidize  sugar.  Such  evidence  as 
we  have  has  a  contrary  tendency.  We  may  indeed  suppose  that  the 
sugar  is  converted  into  lactic  acid,  and  that  lactates  are  diredlT 
oxidized  in  the  blood ;  but  we  have  no  positive  proof  that  any  fm 
oxidation  does  or  can  take  plkce. 

The  fact  that  the  amount  of  sugar  in  shed  blood  appears  to  diminish 
giwdually  when  the  blood  is  allowed  to  stand  for  some  time'  is  not  t 
sufficient  argument  that  sugar  is  oxidized  by  the  circulating  blood*. 

On  the  other  hand,  there  are  theoretical  reasons  Rupportiog 
the  view  that  a  certain  average  composition  is  necessary  for  tbi 
great  internal  medium  the  blood,  in  order  that  the  several  tissues 
may  thrive  upon  it  to  the  best  advantage,  one  element  of  that 
composition  being  a  certain  percentage  of  sugar.  We  may  sup- 
pose that  all  or  several  of  the  tissues  are  continually  drawing  upon 
the  blood  for  sugar,  and  that  hence  a  certain  supply  must  be  kept  np 
to  meet  this  demand :  we  may  imagine,  for  instance,  that  muscle  is 
continually,  or  from  time  to  time,  needing  sugar  to  build  up  the 
contractile  material.  Hence,  when  sugar  is  present  in  the  blood 
beyond  what  is  needed,  the  excess  is  cast  out  of  the  body  by  the 
kidneys,  except  that  which,  passing  by  the  portal  vein,  becomes  con- 
verted into  glycogen ;  and,  as  a  matter  of  fact,  we  know  that  more 
sugar  can  be  injected  into  the  portal  than  into  the  jugular  vein 
before  it  reappears  in  the  urine.   When,  again,  the  sugar  in  the  blood 

^  BemarJ,  op.  cit.    Paw,  Proc,  Hoy,  Sac.  xm,  (1877)  p.  846. 
«  Cf.  Hoppe-Seyler,  rflllger's  Archiv,  vii.  (1873)  p.  S99. 
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IB  deficient,  tlie  lack  Ls  at  once  supplied  bj  a  conversion  of  the  hepatic 
glycogen.  Moreover,  this  view,  that  the  glycogen  of  the  liver  is  a 
reserve  fund  of  carbohydrate  material,  is  strongly  supported  by  the 
analogy  of  the  migration  of  starch  in  the  vegetable  kingdom.  We 
know  that  the  starch  of  the  leaves  of  a  plant,  whether  itself  having 
passed  through  a  glucose  stage  or  not,  is  normally  converted  into 
sugar,  and  carried  down  to  the  roots  or  other  parts,  where  it  fre- 
quently becomes  once  more  changed  back  again  into  starch.  And 
when  we  consider  that  at  every  meal  an  excess  of  carbohydrates  is 
thrown  into  the  system,  far  more  than  is  needed  for  the  time  being, 
and  yet  not  more  than  will  be  needed  before  the  next  meal,  it  appears 
only  natural  that  this  excess  should  be  at  once,  and  without  much 
labour,  laid  up  as  a  store  of  carbohydrate  material,  upon  which  the 
economy  can  make  a  call  as  occasion  demands.  And  tnis  suggestion 
is  supported  by  the  fact  that  whereas  the  glycogen  of  the  liver  varies 
much  according  to  the  food  taken,  that  present  in  the  muscles  is 
&irly  constant ;  indeed  glycogen  may  still  be  found  in  the  muscles 
when  it  has  wholly  disappeared  from  the  liver.  We  may  infer  from 
this  that  the  glycogen  in  the  muscle  is,  so  to  speak,  functional  ma- 
terial, t.  e.  material  about  to  be  used  up  in  the  metabolism  attendant 
1^  muscular  contraction,  while  that  in  the  liver  has  no  such  purpose, 
bat  is  simply  laid  by  for  the  future  use  either  of  muscles  or  of  other 
tissues.  But  if  we  entertain  the  view  that  the  hepatic  glycogen  is 
simply  store  glycogen,  waiting  to  be  converted  into  sugar  little  by 
little  as  the  needs  of  the  economy  demand,  and  not  glycogen  on  its 
way  to  take  part,  through  tJie  agency  of  the  hepatic  protoplasm,  in 
the  formation  of  some  more  complex  compound,  there  is  no  difficulty 
in  supposing  that  the  glycogen  which  makes  its  appearance  in  the 
liver  after  an  amylaceous  meal,  arises  from  a  direct  conversion 
of  the  grape-sugar  carried  to  the  liver  by  the  portal  vein,  the 
sugar  becoming  through  some  action  of  the  hepatic  protoplasm 
d^ydrated  into  starch,  just  as  in  the  alimentary  canal  starch  is 
hydrated  into  sugar  by  the  action  of  the  salivary  and  pancreatic 
ferments.  Vegetable  protoplasm  can  undoubtedly  convert  both  starch 
into  sugar  and  sugar  into  starch ;  and  there  are  no  a  priori  argu- 
ments or  positive  facts  which  would  lead  us  to  suppose  that  the 
activity  of  animal  protoplasm  cannot  accomplish  the  latter  as  well 
as  the  former  of  these  changes.  At  the  same  time  it  must  be  re- 
membered that  this  view  does  not  preclude  the  possibility  of  glyco- 
gen, in  the  absence  of  a  supply  of  sugar  from  the  portal  blood,  being 
fonned  in  other  ways. 

It  has  been  stated^  that  glycerine  introduced  into  the  alimentary  canal 
gives  rise  to  an  increase  of  glycogen  in  the  liver ;  this,  if  true,  shews 
undoubtedly  that  hepatic  glycogen  may  be  formed  in  other  ways  than  by 
the  direct  dehydration  of  sugar.     Milk-sugar,  and   inulin  also,  produce 

1  W«iM,  Wiiner  Sitzvngiberichte,  BJ.  67.    Ladisinger,  Pflilger'a  Arehiv,  vm.  (1S74) 
289. 
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an  increase  of  Hepatic  glycogen,  the  glycogen  80  appearing  haying  all 
the  normal  characters.  It  is  difficult  to  suppose  that  glycerine  can  be 
directly  converted  into  glycogen ;  and  we  are  led  to  suspect^  that  in  this 
case,  the  glycerine,  by  beaming  oxidized,  causes  a  saving  in  the  ezpeiuii- 
ture  of  carbohydrate  material,  and  thus  indirectly  leads  to  an  accamtufttkm 
of  glycogen.  But  this  view  is  opposed  by  the  fact  that  lactic  acid,  to  whidi 
we  should  readily  turn  as  being  eminently  o;ddizable,  and  therefore  mr 
nently  calculated  to  save  carbohydrate  expenditure^  does  not  lead  to  any 
similar  storing  up  of  glycogen.  And  Luchsinger^  states  that  giyoerinfi  in- 
jected in  considerable  quantities  under  the  skin,  and  absorbed  fiom  the 
Bubcutaneous  tissue,  leads  to  no  increase  of  glycogen;  so  that  the  glycogen 
which  appears  in  the  liver  when  glycerine  is  introduced  into  the  almientaiy 
canal  would  seem  to  come  from  some  conversion  of  the  glycerine  t8  it 
reaches  the  hepatic  cells  by  the  portal  blood;  difficult  as  any  chemiod 
conception  of  that  conversion  may  be. 

The  statements  with  regard  to  the  glycogenic  influence  of  gelatine  are 
conflicting*.  The  balance  of  evidence  is  perhaps  in  &vour  of  glycogen  being 
stored  up  in  the  liver  as  the  result  of  a  diet  of  pure  gelatine.  This  would 
indicate  a  transformation  into  glycogen  of  the  non-nitrogenous  moiety 
resulting  from  that  splitting  up  of  gelatine  of  which  we  shall  have  to  speak 
later  on. 

The  question  may  be  asked,  How  is  it  possible  for  the  glyoog^ 
which  at  the  temperature  of  the  body  is  so  readily  converted  into 
sugar  by  the  action  of  ferments,  to  remain  as  glycogen  in  the  pe- 
sence  of  the  ferment  which,  as  we  know  from  post-mortem  chan^ 
exists  in  the  hepatic  tissue  ?  We  can  only  answer  that  the  solution 
of  this  problem  is  of  the  same  kind  as  that  of  the  problems,  why  blood 
does  not  clot  in  the  living  blood-vessels,  why  the  living  musde  does 
not  become  rigid,  and  why  the  living  stomach  or  pancreas  does  not 
digest  itself.  It  might  be  added,  bearing  in  mind  the  history  of  the 
fibrin  ferment,  that  we  have  no  proof  that  such  an  amylolytic  fer- 
ment does  exist  in  the  living  hepatic  cells.  It  is  possible  that  the 
ferment  which  can  be  extracted  after  death  only  makes  its  appea^ 
ance  as  the  result  of  changes  which  have  taken  place  in  the  proto- 
plasm of  the  hepatic  cells. 

It  is  clear  that  the  glycogen  is  contained  in  the  hepatic  cells;  but  it  is 
by  no  means  certain  that  it  exists  there  in  what  may  be  called  a  free  state. 
The  fact  that  under  the  microscope  the  hepatic  cells  give  with  iodine  the 
colour  reaction  of  glycogen,  is  no  proof  of  the  glycogen  being  free.  It 
has  been  described  as  sometimes  occurring  in  granules ;  but  this,  if  e?er, 
is  certainly  not  always  its  condition.  It  is  worthy  of  notice  that  all  tlie 
means  adopted  to  extract  glycogen  from  a  tissue  are  such  as  would  readilj 
decompose  unstable  complex  compounds.  If  we  advance  the  view  that  the 
glycogen  of  the  hepatic  protoplasm  does  not  exist  as  an  independent  body, 
simply  mixed  with  the  other  protoplasmic  constituents,  but  is  loosely  con- 
nected with  other  (possibly  proteid)  substances  as  part  of  a  very  complex 

1  Op.  cit. 

*  Bernard,  MacDonnell,  Lnohfinger,  Mering,  op,  cit.    WoUGTberg,  Zt./.  Btolzm. 
p.  2C6, 
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opoandy  few  facts  would  be  found  opposing,  and  many  supporting,  such 


lew. 


Diabetes.  Natural  diabetes  is  a  disease  characterGsed  by  the 
pearance  of  a  large  quantity  of  sugar  in  the  urine.  Into  the 
thology  of  the  various  forms  of  this  disease  it  is  impossible  to  enter 
re;  but  a  temporary  diabetes,  the  appearance  for  a  while  of  a  large 
antity  of  sugar  in  the  urine,  may  be  artificially  produced  in  animals 

several  ways.  If  the  medulla  oblongata  of  a  well-fed  rabbit  be 
Dctured  in  the  region  which  we  have  previously  described  (p.  158) 
that  of  the  vaso-motor  centre  (the  area  marked  out  by  Eckhard  as 
3  diabetic  area  agreeing  very  closely  with  that  defined  by  Owsjan- 
cow  as  the  vaso-motor  area),  though  the  animal  need  not  neces- 
ily  be  in  any  other  way  obviously  affected  by  the  operation,  its 
.He  will  be  found,  in  an  hour  or  two,  or  even  less,  to  contain  a  con- 
erable  quantity  of  sugar,  and  to  be  increased  in  amount.  A  little 
er  the  quantity  of  sugar  will  have  reached  a  maximum,  after  which 
leclines,  and  in  a  day  or  two,  or  even  less,  the  urine  will  be  again 
rfectly  normal.  The  better  fed  the  animal,  or,  more  exactly,  the 
her  in  glycogen  the  liver  at  the  time  of  the  operation,  the  greater 
e  amount  of  sugar.  If  the  animal  be  previously  starved  so  that 
B  liver  contains  little  or  no  glycogen,  the  urine  will  after  the 
eration  contain  little  or  no  sugar.  It  is  clear  that  the  urinary 
gar  of  this  form  of  artificial  diabetes  comes  from  the  glycogen 
the  liver.    The  puncture  of  the  medulla  causes  such  a  change 

the  liver  that  the  previously  stored-up  glycogen  disappears, 
1  the  blood  becomes  loaded  with  sugar,  much  if  not  all  of  which 
»e3  away  by  the  urine.  In  the  absence  of  any  proof  to  the 
itrary,  we  may  assume  that  in  this  form  of  artificial  diabetes  the 
cogen  previously  present  in  the  liver  becomes  converted  into 
jar,  just  as  we  know  that  it  does  become  so  converted  by  post- 
rtem  changes.  The  glycogenic  function  of  die  liver  is  therefore 
gect  to  the  influence  of  the  nervous  system,  and  in  particular 
the  influence  of  a  region  of  the  cerebro-spinal  centre  which  we 
sady  know  as  the  vaso-motor  centre,  or  at  least  of  a  part  of  that 
ion.  We  cannot  at  present  define  clearly  the  nature  of  that  influ- 
se.  We  cannot  say  whether  the  temporary  diabetes  is  a  simple 
5Ct  of  vascular  dilation,  or  of  some  direct  action  of  the  nerves  on 
\  metabolic  activity  of  the  hepatic  protoplasm.  The  path  of  the 
luence  may  be  traced  along  the  cervical  spinal  cord  (and  not  along 
\  vagi,  though  the  roots  of  these  nerves  lie  so  close  to  the  diabetic 
»i),  as  far  down  as  (in  rabbits)  the  level  of  the  third  or  fourth 
real  vertebra*,  or  even  a  little  lower,  from  the  spinal  cord  to 
)  first  thoracic  ganglion,  and  from  thence  to  the  liver  by  some 
mnel  or  channels  at  present  undetermined. 

Acoording  to  Eckhard'  the  phenomena  are  those  of  irritation,  and  not 
the  simple  withdrawal  of  any  accustomed  nervous  influence.     He  states 

1  Eckhard,  Beitrdge,  vui.  (1877)  p.  79.  •  Beitrdge,  iv.  (1869)  1 ;  tii.  1. 
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that  while,  mechanical  injury  of  the  first  thoracic  gangHon  (see  fig.  32)  will 
produce  diabetes,  no  such  efiect  is  produced  if  the  ganglion  be  carefully  re- 
moved, or  if  its  connections  with  the  spinal  cord  or  with  the  remainder  of 
the  thoracic  chain  be  completdj  divided. 

Oyon  and  AJadoff  \  on  the  contrary,  regard  the  whole  matter  as  one  of 
simple  loss  of  vascular  tone.  They  state  that  the  diabetic  puncture  prodooes 
dilation  of  the  small  branches  of  the  hepatic  artery,  from  injury  to  ^ 
corresponding  portion  of  the  general  vaso-motor  centre,  and  accordin^j 
find,  in  opposition  to  Eckhard,  that  simple  division  of  the  nervous  pttli, 
removal  of  the  first  thoracic  ganglion,  or  division  of  certain  (variable)  nerves 
proceeding  from  it,  produces  diabetes  equally  well  as  irritation  of  the  gin- 
glion.  Eckhard  found  that  simple  section  of  the  splanchnic  nerves  not  fflilj 
did  not  produce  diabetes  but  even  prevented  its  occurrence  when  perfonned 
previously  to  the  diabetic  puncture.  On  the  hypotheaia  that  the  phenomeoft 
in  question  are  those  of  irritation  and  not  of  psuiialysis,  this  fiM^  would  seem 
to  shew  jbhat  the  splanchnics  serve  as  the  channels  by  which  the  impcdses 
set  up  in  the  medulla,  thoracic  ganglion,  &c.,  reach  the  liver.  Cyon  and 
Aladoff  however  regard  the  absence  of  diabetes  after  simple  section  of  the 
splanchnics  as  a  proof  that  the  vaso-motor  fibres  concerned  in  the  matter  pus 
to  the  liver  by  some  other  channel  than  the  splanchnics;  and  they  exjjain 
the  preventive  influence  of  previous  section  of  the  splanchnics,  by  snppofiiog 
that  this  operation,  by  withdrawing  a  large  quantity  of  blood  into  the 
abdominal  organs,  prevents  the  effects  of  the  dilation  of  the  comparatiTdj 
small  hepatic  artery  from  manifesting  themselves.  For  according  to  them, 
it  is  not  the  total  quantity  of  blood,  but  the  relative  proportion  of  arterial 
blood  reaching  the  liver,  which  determines  the  appearance  of  the  sogar. 

Simple  section  of  the  spinal  cord  (in  rabbits)  sometimes  does  and  8om^ 
times  does  not  produce  diabetes,  and  in  all  cases  the  effect  appears  rapidly 
and  soon  disappears.  Complete  section  of  the  spinal  cord  at  any  height  down 
to  the  level  of  the  third  or  fourth  dorsal  vertebra  renders  the  diabetic 
puncture  ineffectual',  and  prevents  the  diabetes  of  morphia  poisoning  from 
being  developed.  Section  of  the  vagi  may  produce  a  very  slight  and 
passing  diabetes,  but  stimulation  of  the  central  end  of  either  vagus  may 
give  rise,  apparently  by  reflex  excitation  of  the  medullary  cen^,  to  a 
marked  quantity  of  sugar  in  the  urine.  The  diabetic  puncture  is  in  no 
way  interfered  with  by  previous  section  of  both  vagi. 

Artificial  diabetes  is  also  a  prominent  symptom  of  urari  poisoning. 
This  is  not  due  to  the  artificial  respiration,  wnich  is  had  recourse  to 
in  order  to  keep  the  urarized  animals  alive ;  because,  though  disturb- 
ance of  the  respiratory  functions  suflScient  to  interfere  with  the 
hepatic  circulation  may  produce  sugar  in  the  urine,  artificial  respi- 
ration may  be  carried  on  without  any  sugar  making  its  appearance. 
Moreover,  it  is  seen  in  frogs,  in  which  respiration  can  be  satisfactorily 
carried  on  without  any  pulmonary  respiratory  movements. 

A  very  similar  diabetes  is  seen  in  carbonic  oxide  poisoning ;  and 
is  one  of  the  results  of  a  sufficient  dose  of  morphia  or  of  amyl 
nitrate. 

1  BnU,  Acad.  Imp,  Sci.  St  P^tersb,  xvj.  (1871)  308. 
'  Eckhard,  BeitragCf  viii.  79. 
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Acoording  to  Dook\  sugar  appears  in  the  urine  of  urarized  mammals, 
even  when  thej  are  starving  and  presumably  contain  no  glyoogen  in  their 
livers.  If  this  be  so,  urari  diabetes  must  have  quite  a  different  causation 
from  poncture  diabetes ;  but  Winogradoff*  found  no  sugar  in  the  urine  of 
caranzed  frogs  from  ^vhich  the  livers  had  been  removed,  and  Saikowsky' 
found  that  in  mammals  after  arsenic  poisoning  urari  did  not  produce 
diabetes,  shewing  that  if  in  urari  poisoning  the  sugar  does  not  come  from 
the  liyer  but  from  the  muscles,  arsenic  has  a  like  effect  in  preventing  the 
accumulation  of  glycogen  in  the  latter  as  in  the  former. 

Eckhard^  found  that  morphia  diabetes  was,  like  the  puncture  diabetes, 
prevented  by  section  of  the  splanchnics  or  by  section  of  the  spinal  cord 
above  the  level  of  the  third  or  fourth  dorsal  vertebra.  The  drug  ap* 
pears  therefore  to  act  through  tho  medullary  diabetic  centre. 

The  subcutaneous  injection  of  glycerine  prevents  (but  not  in  ail  cases, 
and  not  always  effectually)  the  appearance  of  diabetes  after  the  puncture^ 
or  after  morphia  poisoning.  The  reason  of  this  is  not  at  present  clear. 
The  urine  at  the  same  time  becomes  bloody. 

The  injection  of  glycogen  in  sufficient  quantity  into  the  blood  gives 
rise  in  the  urine  not  only  to  sugar  but  to  a  much  larger  quantity  of  a 
substance  identical  apparently  with  Briicke's  achroodeztrin^ 

There  can  be  no  doubt  that  in  diabetes,  arising  from  whatever 
canse^  the  sugar  appears  in  the  urine  because  the  blood  contains  more 
sugar  than  usual  The  system  can  only  dispose  (either  by  oxidation,  or 
as  seems  more  probable  m  other  ways)  of  a  certain  quantity  of  sugar  in 
a  certain  time.  Sugar  injected  into  the  jugular  vein  reappears  in  the 
urine,  whenever  the  injection  becomes  so  rapid  that  the  percentage 
of  sugar  in  the  blood  reaches  a  certain  (low)  Hmit.  Sugar  in  the 
urine  means  an  excess  of  sugar  in  the  blood.  How  in  natural  dia- 
betes that  excess  arises,  we  have  at  present  no  facts  to  shew ;  but  it 
is  extremely  probable  that  the  sources  of  the  excess  may  be  various, 
and  hence  that  several  distinct  varieties  of  diabetes  may  exist  In 
one  among  many  points,  the  clinical  history  of  diabetes  throws  light 
on  the  possible  sources  of  glycogen.  While  in  many,  especially  of  the 
less  severe  cases  of  diabetes,  withdrawal  of  all  amylaceous  food  is  fol- 
lowed by  a  disappearance  of  sugar  from  the  urine,  in  many  instances 
the  sugar  continues  to  be  discharged  even  though  the  diet  be  perfectly 
free  from  carbohydrates ;  and  in  many  other  cases  the  sugar  in  the 
urine  is  far  in  excess  of  that  taken  as  food.  In  these  cases  the  sugar 
must  have  some  non-amylaceous  source ;  from  this  we  infer  that  gly- 
cogen also  may  have  a  similar  origin ;  and  the  fact  that  the  urea 
is  increased  (and  that  too  in  some  cases  in  ratio  with  the  sugar^) 
in  diabetes,  suggests  that  the  sugar  may  arise  from  proteids  which 
have  been  split  up  into  a  nitrogenous  (urea)  and  a  non-nitrogenous 
moiety*     It  has  been  shewn  by  Wickham  Legg,  and  confirmed 

1  pp.  eit.  *  Virohow's  Archiv,  xsni.  (1868)  p.  633. 

s  Centrbt.  Med.  WU».  1865,  p.  769.  ^  Op.  cit. 

•  Laohsinger,  Pfltiger's  Archiv,  xi.  (1875)  502. 

•  Boehxn  and  Hoffmann,  Archiv  Exp.  Path.  vn.  (1877)  489. 
^  Binger,  Med.  Chir.  Trans,  xuii. 
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by  Von  Wittich,  that  ligature  of  the  bile-ducts  causes  a  disap- 
pearance of  glycogen  from  the  liver,  and  that  (four  or  six  days) 
after  the  ligature  the  diabetic  puncture  produces  no  diabetes.  This 
cannot  be  explained  by  supposing  that  the  glycogen  formed  previoiu 
to  the  operation  is  rapidly  converted  into  sugar  by  a  ferment  deve- 
loped in  the  stagnant  bile,  for  no  sugar  appears  in  tne  urine.  We  are 
rather  led  to  infer  that  the  formation  of  the  glycogen  is  prevented  by 
interference  with  the  nutritive  functions  of  the  hepatic  cells. 

Yarious  suggestions  have  been  made  -with  reference  to  the  chemical 
ways  in  which  carbohydrate  material  might  make  its  appearance  during 
hepatic  metabolism.  It  has  been  pointed  out,  for  instance,  that  proteid 
material  might  be  split  up  into  glycogen  and  the  bile-acids,  or  that  glycin 
might  be  split  up  into  urea  and  glucose  (4C,H^0,  =  2  CH^N.O +0^0,). 
But  these  views  must  at  present  be  considered  as  suggestions  only. 


The  History  of  Fat    Adipose  Tissue. 

Of  all  the  tissues  of  the  body  adipose  tissue  is  the  most  fluctu- 
ating in  bulk  ;  within  a  very  short  space  of  time  a  large  amount  of 
adipose  tissue  may  disappear,  and  within  an  almost  equally  short 
time  the  quantity  present  in  a  body  may  be  several  times  multiplied. 
Histological  inquiries  teach  us  that  when  an  animal  is  fattening  the 
minute  drops  or  specks  of  fat  normally  present  in  certain  connective- 
tissue  corpuscles  are  seen  to  increase  in  number,  the  protoplasm 
enlarging  at  the  same  time.  As  these  specks  increase  they  coidesce 
into  drops,  which  by  similar  coalescence  form  larger  drops,  until,  the 
protoplasm  first  ceasing  to  increase  and  then  diminishing,  the  original 
connective-tissue  corpuscle  is  transformed  into  a  fat-cell,  with  a 
remnant  only  of  protoplasm  gathered  round  the  nucleus  and  forming 
an  imperfect  envelope  round  the  enlarged  contents.  When,  on  the 
contrary,  an  animal  is  fasting,  the  fat  seems  in  some  way  to  escape  from 
the  cell,  which  it  may  leave  as  an  empty  bag  collapsed  around  the 
nucleus.  These  facts  point  to  the  conclusion  that  the  fat  of  adipose 
tissue  is  not  simply  and  mechanically  collected  in  the  cell,  but  is 
formed  by  the  active  agency  of  the  cell,  being  apparently  the  result 
of  a  breaking  up  of  the  protoplasm;  when  formed,  however,  it  appears 
to  be  discharged  from  the  cell  in  a  more  or  less  mechanical  manner,  as 
the  needs  of  the  economy  demand.  And  this  view  is  supported  by 
the  fact  that  protoplasm,  wherever  occurring,  both  during  life  and 
after  death  (when  it  could  not  possibly  be  supplied  with  fat' from 
without),  is  subject  to  fatty  degeneration,  in  which  the  fat  evidently 
arises,  in  large  part  at  least,  from  the  breaking  up  of  proteid  com- 
pounds. 

On  the  other  hand,  we  have  traced  the  fats  taken  as  food,  and 
found  that  they  pass  with  comparatively  little  change  from  the 
alimentary  canal  into  the  blood,  either  directly,  or  through  the  inter- 
mediate passage  of  the  chyle.     We  might  infer  from  thb  that  an 
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xcess  of  fat  thus  entering  the  blood  would  naturally  be  simply  stored 
p  in  the  available  adipose  tissue,  without  any  further  change,  the 
onnective-tissue  corpuscles  after  the  fashion  of  an  amceba  eating 
iie  fat  brought  to  them  but  not  digesting  it,  simply  keeping  it  in 
bore  till  it  was  wanted  elsewhere. 

Which  of  these  views  is  the  true  one,  or  how  far  are  both  these 
perations  carried  on  in  the  animal  body  ?  In  the  first  place,  it  is 
vident  that  in  an  animal  fattened  on  ordinary  fattening  food,  only  a 
mall  fraction  of  the  fat  stored  up  in  the  body  can  possibly  come 
irect  from  the  fat  of  the  food.  Long  ago,  in  opposition  to  the  views 
f  Dumas  and  his  school,  who  taught  that  all  construction  of  organic 
material,  that  all  actual  manufacture  of  protoplasm  or  even  of  its 
Tganic  constituents,  was  confined  to  vegetables  and  unknown  in 
nimals,  Liebig  shewed  that  the  butter  present  in  the  milk  of  a  cow 
ras  much  greater  than  could  be  accounted  for  by  the  scanty  fat 
present  in  the  grass  or  other  fodder  she  consumed.  He  also  urged, 
5  an  argument  in  the  same  direction,  that  the  wax  produced  by  bees 
i  out  of  all  proportion  to  the  fat  contained  in  their  food,  consisting  as 
his  does  chiefly  of  sugar.  And  Lawes  and  Gilbert^  have  shewn  by 
[irect  analysis  that  for  every  100  parts  of  fat  in  the  food  of  a  fatten- 
Qg  pig,  472  parts  were  stored  up  as  fat  during  the  fattening  period. 
t  is  clear  that  fat  is  formed  in  the  body  out  of  something  which  is 
lOt  fat 

There  are  two  possible  sources  of  this  manufactured  fat.  In 
reating  of  digestion  (p.  24*2),  we  referred  to  the  possibility  of  digested 
arbohydrates  becoming  conveHed  into  fats  by  the  butyric  acid 
3rmentation.  Analogous  ferment-actions  may  similarly  elaborate 
ther  felts.  And  there  can  be  no  doubt  that  a  carbohydrate  diet 
}  most  efficacious  in  producing  an  accumulation  of  fat  in  the  body. 
lugar  or  starch,  in  some  form  or  other,  is  always  a  large  constituent 
f  ordinary  fattening  foods. 

Another  source  of  fat  is  to  be  found  in  the  proteids.  We  have 
Ben  that  the  urea  of  the  urine  practically  represents  the  whole  of  the 
itrogen  which  passes  through  the  body.  Now  in  any  given  quantity 
f  urea  the  amount  of  carbon  is  far  less  than  that  found  in  the 
uantity  of  proteid  containing  the  same  amount  of  nitrogen.  Thus 
lie  percentage  composition  of  the  two  being  respectively. 

Carbon.        Hydrogen.        Oxygen.        Nitrogen.        Solphor. 

Urea        20-00  666  2667  4.6*67 

Proteid    63  730  2304  1553  113 

00  grms.  of  urea  contain  about  as  much  nitrogen  as  300  grms.  of 
iroteid;  but  the  300  grms.  of  proteid  contain  139  grms.  (159  —  20) 
nore  carbon  than  do  the  100  grms.  urea.  Hence  the  300  grms.  of 
irotcid  in  passing  through  the  body  and  giving  rise  to  100  grms.  of 
irea,  would  leave  behind  139  grms.  of  carbon,  in  some  combination  or 

»  Phil,  Tram,  1860. 
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other;  and  this  surplus  of  carbon>  if  the  needs  of  the  economy  did 
not  demand  that  it  should  he  immediately  converted  into  carbonic 
acid  and  thrown  off  from  the  hody,  might  be  deposited  somewhere  in 
the  form  of  fat.  We  have  already  seen,  in  treating  of  the  action  of 
the  pancreatic  juice  (p.  201),  that  there  is  evidence  of  a  &tty  element 
being  thrown  off  from  the  complex  proteid  compound  in  the  very 
process  of  digestion. 

It  is  clear  that  a  construction  of  fat  does  occur  in  the  body 
somewhere.  What  limits  ean  we  place  on  the  d^ree  to  whidi 
this  construction  is  carried?  In  reference  to  likis  point  it  is  worthy 
of  notice  that  the  composition  of  fat  varies  in  different  animals.  The 
fiat  of  a  man  differs  from  the  fat  of  a  dog,  even  if  both  feed  on 
exaotly  the  same  food,  fatty  or  otherwise.  Were  the  fat  which  is 
taken  as  food  stored  up  as  adipose  tissue  directly  and  without  change, 
recourse  being  had  to  other  sources  of  food*  for  the  construction  of 
fat  only  in  cases  where  the  fat  in  the  food  was  deficient,  we  should 
expect  to  find  that  the  constitution  of  the  fat  of  the  body  would 
vary  greatly  with  the  food.  So  far  from  this  being  the  case,  Sub- 
botia  finds  that  the  fat  of  the  dog  is,  as  far  as  composition  is  con- 
cerned, almost  entirely  independent  of  the  food,  that  the  normal 
constituents  of  fat  make  their  appearance  as  usual,  though  some  of 
them  may  wholly  be  absent  in  the  food,  and  that  abnormal  iats 
presented  as  food  are  not  to  be  found  in  the  fat  which  is  stored  up  in 
the  body  as  a  consequence  of  a  large  supply  of  that  food. 

Subbotin,  after  starving  a  dog  till  he  had  reason  to  think  all  fat  had 
disappeared  from  the  body,  fed  it  largely  on  palm-oil  (containing  palnutin 
and  olein  but  no  stearin)  and  the  very  leanest  meat.  The  composition  of 
the  fat  which  was  stored  up  during  this  diet  is  shewn  in  column  3,  the 
normal  constitution  of  the  fat  of  a  dog  being  shewn  in  column  1.  Another 
dog,  after  a  similar  removal  of  the  natural  fat  by  starvation,  was  fed  on  meat 
and  a  soap  composed  of  palmitic  and  stearic  acids.  The  animal  in  this 
case  received  no  olein.  Yet  the  composition  of  his  fat  was  that  given  in 
column  3. 

1.  2.  3. 

A  Ti  A  B  f  A  R. 

Palmitin    4487     3972  5080     53*30     55-36  62-80    53-60 

Stearin       19*23     3248  900     13-20     13-24  13-20     13-40 

Olein  35-90     27  80  40*20     33-50     30-80  34-00    3300 

A  signifies  the  subcutaneous,  b  the  mesenteric,  and  c  the  suprarenal 
adipose  tissue. 

Moreover,  when  a  dog  was  fed,  after  a  preliminary  starvation  period,  with 
1  kgm.  of  sj>ermaceti,  of  which  he  was  found  to  ahsorb  at  least  800  gnns., 
nothing  more  than  a  trace  of  the  spermaceti  was  to  be  found  in  his  £at. 

Of  course  it  is  quite  possible  that  in  such  cases  as  these,  though 
the  stearin,  or  the  olein,  when  absent  from  the  food,  was  in  some 
way  or  other  constructed  anew,  yet  at  the  same  time  those  con- 

1  ZUf.  Bid.  VI.  (1870)  p.  78. 
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itittients  which  were  present  were  simply  stored  up;  but  it  is  also 
)pen  for  us  to  suppose  that  all  the  fat  taken  as  food  was  in  some 
vay  or  other  disposed  of,  and  that  all  the  new  fat  which  made  its 
appearance  was  constructed  anew.  And  the  latter  view  is  supported 
by  the  histological  facts  mentioned  above  (p.  340),  as  well  as  by  other 
considerations,  which  we  shall  presently  have  to  urge.  At  the  pre- 
sent, however,  we  may  be  content  with  the  following  conclusions. 
1.  Fat  is  formed  anew  in  the  animal  body.  2.  The  carbon  ele- 
ments of  the  newly-formed  fat  may  be  supplied  either  from  amyla- 
ceous food,  or  from  the  carbon  surplus  of  proteid  food,  or  from  fats 
taken  as  food  which  are  not  the  natural  constituents  of  the  body- 
fat.  3.  The  fat  stored  up  appears  as  fat  granules  or  drops  de- 
posited in  the  protoplasm  of  certain  cells,  and  the  increase  of  the 
fat  in  the  cells  is  accompanied  first  by  a  growth,  and  Subsequently 
by  a  decay  of  the  protoplasm;  but  there  is  no  complete  evidence 
to  shew  whether  the  fat-granules  which  appear  are  simply  deposited 
by  the  protoplasm  in  a  more  or  less  mechanical  manner,  without 
their  forming  an  integral  portion  of  it,  or  whether  they  arise  from  a 
breaking  up,  a  functional  metabolism  of  the  protoplasm  itself. 

The  question  touched  on  here  is  one  the  solution*  of  which  is  probably 
i4ill  far  distant.  We  know  that  protoplasm  such  as  that  of  Penicillium^ 
aan  build  itself  up  out  of  ammonium  tartrate  and  inorganic  salts,  and  can  by 
\  decomposition  of  itself  give  rise  to  fats  and  other  bodies ;  and  we  have 
dvery  reason  to  suppose  that  this  constructive  power  belongs  naturally  to  all 
[lative  protoplasm  wherever  found.  At  the  same  time,  we  see  that  even  in 
Peniciliium  it  is  of  advantage  to  offer  to  the  protoplasm  as  food,  substances 
mch  as  sugar  and  proteids  (peptone)  which  are,  so  to  speak,  already  on 
Jie  way  to  become  protoplasm ;  the  organism  is  thus  saved  much  construe- 
live  labour.  And  we  may  imagine  that  a  cell  would  always  take  and  assimi- 
late into  itself  already  constructed  fats,  sugar,  proteids,  d^.,  rather  than 
lave  the  preliminary  trouble  of  building  up  these  substances  out  of  simpler 
lompounds.  But  when  we  consider  how  in  every  being,  every  cell  and 
!Tery  part  of  a  cell  has  its  own  individual  characters,  stamped  on  it  by  long 
lereditary  action,  we  see  a  reason  why  every  bit  of  protoplasm,  especially  in 
;lie  higher  more  differentiated  organisms,  should  be  made  anew.  And  the 
energy  required  for  the  construction  is  always  at  hand.  The  food,  which, 
natead  of  being  directly  assimilated  without  loss  of  energy,  is  reduced  to 
ample  compounds,  sets  free  an  energy  which  remains  available  for  recon- 
itruction.  Of  course  in  every  such  decomposition  and  recomposition  there 
irill  be  an  irrecoverable  loss  in  the  form  of  heat  which  escapes;  but,  as  we 
cnoWy  the  whole  of  animal  life  is  arranged  with  a  view  to  this  continual 
oas.  It  is  not  therefore  so  unreasonable  as  at  first  sight  appears,  to 
rappose  that  the  animal  protoplasm  is  as  constructive  as  the  vegetable 
(irotoplasm,  the  difference  between  the  two  being  that  the  former,  unlike 
the  latter,  is  as  destructive  as  it  is  constructive,  and  therefore  requires  to 
be  continually  fed  with  ready  constructed  materiaL 

^  Huilej  and  Martin,  Elementary  Biology^  Lesson  v. 
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The  Mammary  Gland. 

Although  milk  is  a  secretion,  and  indeed  an  excretion,  alUiough 
therefore  the  mammary  gland  cannot  be  clajssed  as  a  metabolic 
tissue,  in  the  limited  meaning  we  are  now  attaching  to  those  words, 
yet  the  metabolic  phenomena  giving  rise  to  the  secretion  aie  so 
marked  and  distinct,  and  have  so  many  analogies  with  the  metabolic 
events  in  adipose  tissue,  that  it  will  be  more  convenient  to  consider  the 
matter  here,  rather  than  in  what  would  seem  its  more  proper  place. 

Human  milk  has  a  specific  gravity  of  from  1*028  to  1034,  and 
when  quite  fresh  possesses  a  slightly  alkaline  reaction.    It  speedily ' 
becomes  acid,  and  cow's  milk,  even  when  quite  fresh,  is  sometimes 
slightly  acid,  the  change  of  reaction  taking  place  during  the  stagna- 
tion of  the  milk  in  the  mammary  ducts. 

The  constituents  of  milk  are  : 

1.  Froteids,  viz.  casein,  and  an  albumin,  agreeing  in  its  general 
features  with  ordinary  serum-albumin.  The  casein  may  be  thrown 
down  by  the  careful  addition  of  acetic  acid;  but  the  most  oooaplete 
precipitation  is  effected  by  first  adding  to  the  milk  a  slight  quantity 
of  acetic  acid,  and  then  passing  through  it  a  stream  of  carbonic 
acid.  From  the  filtrate  the  serum-albumin,  which  is  present  in. 
small  and  variable  quantities,  may  be  obtained  by  coagulation  with. 
heat,  or  by  precipitation  with  potassium  ferrocyanide,  &c. 

2.  Fats.    These  are  palmitin,  stearin  and  olein. 

There  are  present  also,  to  the  extent  of  about  2  per  cent,  of  thetok^ 
fat,  the  glycerides  of  butyric,  capronic,  caprylic,  and  myristinic  adds. 

3.  Milk-sugar,  the  conversion  of  which  into  lactic  acid  gives  rise^ 
to  many  of  the  features  of  milk. 

4.  Extractives,  including,  according  to  some  observers,  urea,  an 
salts.     The  last  consist  chiefiy  of  potassium  phosphate,  with  calciu 
phosphate,  potassium  chloride,  small  quantities  of  magnesium  phos— - 
phate  and  traces  of  iron. 

The  following  is  the  composition  of  1000  parts  of 


Human  Milk. 

Cow'b  Milk. 

Casein 

39-24 

48-28 

Albumin 

5-76 

Fat 

20-66 

4305 

Sugar 

43-04. 

40-37 

Salts 

1-38 

5-48 

Total  Solids 

110-92 

142-94 

Water 

889-08 

85706 

Milk  is  an  emulsion,  the  fats  existing  in  the  form  of  globules  of 
various  but  minute  size,  each  protected  by  a  thin  envelope  of  casein 
or  albumin.  It  is  this  condition  of  the  fat  which  gives  to  milk  its 
peculiar  white  colour.     The  colostrum,  or  secretion  of  the  mammary 
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and  at  the  beginning  of  lactation,  differs  from  milk  in  being  very 
ifieient  in  casein  and  proportionately  rich  in  albumin.  It  is  said 
lat  the  milk  at  the  end  of  a  long  lactation  again  becomes  poor  in 
sein  and  rich  in  albumin.  Milk  on  standing  turns  sour  and  curdles. 
lis  is  due  to  the  milk-sugar  becoming  converted  by  a  fermentative 
ocess  into  lactic  acid^  which  in  turn  precipitates  the  casein.  The 
ange  niay  be  rapidly,  brought  about  by  means  of  a  ferment  con- 
ined  in  the  gastric  membrane.     (See  p.  194.) 

Milk,  like  the  other  secretions  which  we  have  studied,  is  the 
suit  of  the  activity  of  certain  protoplasmic  secreting  cells  forming 
e  epithelium  of  the  mammary  gland.     As  far  as  the  fat  of  milk 

concerned,  the  processes  taking  place  in  the  gland  are  very  in- 
ructive,  since  the  fat  can  be  seen  to  be  gathered  in  the  epithelium 
dl,  in  the  same  way  as  in  a  fat-cell  of  the  adipose  tissue,  and  to 
3  discharged  into  the  channels  of  the  gland,  either  by  a  breaking 
p  of  the  cells,  or  by  a  contractile  extrusion  very  similar  to  that 
hich  takes  place  when  an  amoeba  ejects  its  digested  food.  All  the 
ndence  we  possess  goes  to  prove  that  the  fat  is  formed  in  the 
3II  through  a  metabolism  of  the  protoplasm.  The  microscopic 
Lstory  is  thoroughly  supported  by  other  facts.  Thus  the  quantity 
r  fat  present  in  milk  is  largely  and  directly  increased  by  proteid, 
at  not  increased,  on  the  contrary  diminished,  by  fatty  food*.     This 

quite  intelligible  when  we  know,  as  will  be  shewn  in  a  succeeding 
ction,  that  proteid  food  increases,  and  fatty  food  diminishes,  the 
etabolism  of  the  body ;  and  we  have  already  discussed  the  manner 

which  proteid  material  may  give  rise  to  fat.  A  bitch  fed  on  meat 
•  a  given  period  gave  off  more  fat  in  her  milk  than  she  could 
ssibly  have  taken  in  her  food,  and  that  too  while  she  was  gaining 
Weight,  so  that  she  could  not  have  supplied  the  mammary  gland 
th  fat  at  the  expense  of  fat  previously  existing  in  her  body.  In 
>   *  ripening '  of  cheese  we  have  a  similar  conversion  of  proteids 

0  fat.  We  have  also  evidence  that  the  casein  is,  like  the  fat,  formed 
the  gland  itself.  When  milk  is  kept  at  35  degrees  C.  out  of  the 
ly  the  casein  is  increased  at  the  expense  of  the  albumin.  When 
;  action  of  the  cell  is  imperfect,  as  at  the  beginning  or  end  of  lac- 
lon,  the  albumin  is  in  excess  of  the  casein ;  but  as  long  as  the 

1  possesses  its  proper  activity  the  formation  of  casein  becomes 
^tninent.     It  has  been  suggested  that  the  casein  may  be  formed 

a  splitting  up  of  albumin  by  some  fermentative  process,  but  no 
^l^  ferment  has  yet  been  isolated.  That  the  milk-sugar  also  is 
^T^ed  in  and  by  the  protoplasm  of  the  cell,  is  indicated  by  the  fact 
^t  the  sugar  is  not  dependent  on  carbohydrate  food,  and  is  main- 
lined in  abundance  in  the  milk  of  camivora  when  these  are  fed 
delusively  on  meat,  as  free  as  possible  from  any  kind  of  sugar  or 
.lycogen.  We  thus  have  evidence  in  the  mammary  gland  of  the 
ormation,  by  the  direct  metabolic  activity  of  the  secreting  cell,  of 

1  Sabbotin  and  Kemmericb,  Chi.  Med,  Win.  186C,  p.  337. 
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the  representatives  of  the  three  great  classes  of  food-stuffis,  proteids, 
fats  and  carbohydrates,  out  of  the  comprehensive  substance  proto- 
plasm.    And  what  we  see  taking  place  in  the  mammary  cell  is 
probably  a  picture  of  what  is  going  on  in  all  protoplasmic  bodies. 
If  the  fat  of  the  milk  were  not  ejected  from  the  mammary  cell,  the 
mammary  gland  would  become  a  mass  of  adipose  tissue,  especially 
if,  by  a  slight  change  in  the  metabolism,  the  production  of  &t  were 
exalted  at  the  expense  of  the  production  of  casein  or  milk-sugar.  If» 
again,  by  a  similar  slight  change  the  milk-sugar  were  accumulated 
rather  than  the  fat  or  proteid,  we  should  have  a  result  which,  by  an 
easy  step,,  would  bring  us  to  glycogenic  tissue.    And,  lastly,  if  the 
proteid  accumulation  were  greater  than  the  fatty,  or  the  saccharine, 
these  being  carried  off  in  some  way  or  other,  we  should  have  an 
image  of  the  nutrition  of  an  ordinary  nitrogenous  tissue. 

That  both  the  secretion  and  ejection  of  milk  are  under  the  control  of 
the  nervous  system  is  shewn  by  common  experience,  but  the  exact  nervooi 
mechanism  has  not  yet  been  fully  worked  out.  While  erection  of  the 
nipple  ceases  when  the  spinal  nerves  which  supply  the  brrast  are  divided, 
the  secretion  continues,  and  is  not  arrested  even  when  the  sympathetLC  as 
well  as  the  spinal  nerves  are  cut\ 

The  Spleen. 

The  Spleen  may  be  wholly  removed  from  an  animal  without  any 
obvious  changes  in  the  economy  taking  place;  the  functions  of  the 
rest  of  the  body  appear  to  go  on  unimpaired.  We  are  obliged  to 
assume  that  some  compensating  actions  take  place  :  but  what  those 
actions  are  we  do  not  know,  and  we  are  left  at  present  by  these 
experiments  almost  completely  in  the  dark  as  to  the  functions  of 
the  spleen.  The  most  that  has  been  observed  is  a  slight  increase 
in  the  lymphatic  glands,  and  in  the  activity  of  the  medulla  of  bones. 

Schiff*  maintains  that  afler  extirpation  of  the  spleen,  pancreatic  joioe 
is  no  longer  able  to  digest  proteids.     He  believes  that  the  spleen  during  its 
turgescence  manufactures  a  substance,  which  being  carried  to  the  pancr»A 
gives  rise  by  a  kind  of  ferment  action  of  its  own  to  the  pancreatic  proteolytic 
ferment     In  the  language  of  Heidenhain's  results,  the  presence  of  the 
Kpleiiic  product  is  necessary  for  the  conversion  of  the  zymogen  into  the 
pancreatic  proteolytic  ferment.     Herzen^  further  states   that  in  the  ex- 
ceptional cases  where  the  spleen  does  not  become  turgid  during  digestion, 
the  pancreatic  juice  is  inert  towards  proteids.     The  evidence  in  favour  of 
this  action  of  the  spleen  is,  at  present,  not  cogent,  and  Mosler^  denies  that 
extirpation  of  the  spleen  has  any  influence  whatever  over  either  gastric  or 
})ancreatic  digestion. 

After  a  meal  the  spleen  increases  in  size,  reaching  its  maximum 

1  Eckhard,  Beitrdge,  i.  and  vin.  (1877)  p.  117.    Eohrig,  Virchow'B  Arehiv,  Lini. 
(187G)  p.  119. 

«  Schweiz,  Zt,  /.  lUilk,  i.  (1862)  p.  209.     See  also  Let^oru  mr  la  Diffention. 
«  CbUf.  Med.  WU$.  1877,  p.  435.  *  Cbt.f.  Med.  Win.  1871,  p.  290. 
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t  five  hours  after  the  taking  of  food ;  it  remains  swollen  for  some 
,  and  then  returns  to  its  normal  bulk.  In  certain  diseases,  such 
i  the  pyrexia  attendant  on  fevers  or  inflammations,  and  more 
nally  in  ague,  a  similar  temporary  enlargement  takes  place.  In 
»Dged  ague  a  permanent  hypertrophy  of  the  spleen,  the  so-called 
-cak€^  occurs. 

'he  turgescence  of  the  spleen  seems  to  be  due  to  a  relaxation 
of  the  small  arteries  and  of  the  muscular  bands  of  the  trabeculse ; 
^  in  fact,  a  vaso-motor  dilation  accompanied  by  a  local  inhibi- 
of  the  tonic  contraction  of  the  other  plain  muscular  fibres 
ing  into  the  structure  of  the  organ.  And  the  condition  of  the 
D,  like  that  of  other  vascular  areas,  appears  to  be  regulated  by 
entral  nervous  system,  the  digestive  turgescence  being  altogether 
^arable  to  the  flushed  condition  of  the  pancveas  and  the  gastric 
brane  during  tkeir  phaaes  of  activity, 

.ooording  to  Tarchanoff  ^  section  of  the  splenic  nerves  causes  a  turgescence 
ig  for  some  time,  but  disappearing  in  the  course  of  a  few  days, 
ilation  of  the  spinal  cord  causes  a  shrinking,  which,  however,  fails  to 
its  appearance  if  the  splanchnic  nerves  be  previously  divided.  The 
king  or  constriction  may  be  brought  about  in  a  reflex  manner  by 
Jation  of  the  central  stump  of  the  sciatic  nerve.  The  effect,  however, 
the  case  of  this  nerve  slight,  whereas  if  the  central  stimip  of  the  vagus 
imulated,  a  very  marked  shrinking  is  observed.  Local  stimulation 
B  local  shrinking;  if  the  electrodes  of  an  interrupted  current  be  drawn 
I  a  turgid  spleen^  their  course  is  marked  by  a  white  line  of  con- 
ion  lasting  for  some  little  time.  Contittction  of  the  spleen  is  also 
i  by  quinine  and  strychnia. 

his  functional  intermittent  turgescence,  so  clearly  related  to  the 
tion  of  food,  may  be  connected  with  that  manufacture  of  white 
iscles  and  destruction  of  red  corpuscles  of  the  blood,  of  which  we 
J  in  an  early  chapter  (p.  29) ;  but  when  the  peculiar  arrange- 
3  of  the  blood-vessels  of  the  spleen,  with  their  large  open 
18  networks,  are  borne  in  mind,  it  seems  in  the  highest  degree 
^ble  that  metabolic  events  of  great  importance  (possibly  asso- 
l  in  some  way  with  the  metamorphosis  of  the  blood-corpuscles) 
place  in  the  spleen,  though  at  present  we  are  unable  to  follow 
And  this  view  is  supported  by  the  somewhat  peculiar 
Leal  characters  of  the  spleen-pulp,  which,  in  spite  of  its  con- 
ig  a  very  large  number  of  blood-corpusdes,  differs  markedly  in 
liemical  composition  from  either  blood  or  serum.  Thus  a 
d  proteid  of  the  nature  of  alkali-albumin  seems  to  be  present, 
ig  iron  in  some  way  peculiarly  associated  with  it.     The  occur- 

of  this  ferruginous  proteid,  accompanied  as  it  is  by  several 
iar  but  at  present  little  understood  pigments,  rich  in  carbon, 

out  the  histological  conclusions  concerning  the  disappearance 
\  red  corpuscles.    The  inorganic  salts  of  the  spleen,  or  at  least 

^  Pflfiigw'i  Archiv,  vm.  (1874)  97. 
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those  of  its  ash,  are  remarkable  for  the  large  amount  of  both  soda  and 
phosphates,  and  the  scantiness  of  the  potash  and  chlorides  which  tbey 
contain,  thus  differing  from  blood-corpuscles  on  the  one  hand,  and 
from  blood-serum  on  the   other.     But  perhaps  the  most  striking 
feature  of  the  spleen-pulp  is  its  richness  in  the  so-called  extractives. 
Of  these  the  most  common  and  plentiful  are  succinic,  forraic,  acetic,, 
butyric  and  lactic  acids  (these  may  arise  in  part  from  the  decom- 
position  of  hsemoglobin),  inosit,  leucin,  xanthin,  hypoxanthin  aai 
uric  acid.     Tyrosin  apparently  is  not  present  in  the  perfectly  fresh 
spleen,  though  leucin  is :  both  are  present  after  decomposition  has 
set  in.     The  constant  presence  of  uric  acid  is  remarkable,  especiaUy 
since  it  has  been  found  even  in  the  spleen  of  animals,  such  as  the 
herbivora,  whose  urine  contains  none.    No  less  suggestive  is  the  fisust 
that  the  increase  of  uric  acid  in  the  urine  during  ague,  and  dnting 
ordinary  pyrexia,  seems  to   run  parallel  to   the   turgescence,  aul 
therefore  presumably  to  the  activity,  of  the  spleen.     But  these  fiute 
are  at  present  suggestive  only ;  they  point  to  an  active  metabolisiiL 
associated  with  digestion  taking  place  in  the  spleen ;  exact  informa- 
tion as  to  the  nature  of  the  metabolism  is  however  wanting.    The 
thyroid  and  thymus  bodies,  often  in  descriptions  associated  with  tbe 
spleen,  though  diflferent  in  structure,  the  former  entirely  so,  resemble 
the  spleen  somewhat,  as  far  as  their  extractives  are  concerned.    Tht^ 
thymus  contains  leucin,  xanthin  and  hypoxanthin,  with  lactic  and 
succinic  acids ;  uric  acid  seems  to  be  absent.     The  extractives  of  tbo 
thyroid  are  scanty,  but  apparently  of  the  same  nature. 


Sec.  2.    The  History  of  Urea  and  its  Allies. 

We  may  now  return  to  the  questions  which  we  left  unanswered 
at  p.  327,  Where  is  urea  formed?  what  are  its  immediate  ante^ 
cedents  ?  what  are  the  various  chemical  links  between  it  and  th^ 
proteid  material  of  which  it  is  the  excretoiy  representative  ? 

We  have  seen,  p.  34,  that  the  muscular  tissues  contain  kreatbr 
together  with  smaller  quantities  of  allied  nitrogenous  crystaUine 
bodies,  such  as  xanthin,  hypoxanthin,  &c.;  and  we  cannot  go  far  wrong 
in  supposing  that  these  bodies  are  in  some  way  or  other  the  products 
of  muscular  metabolism.  We  do  not  know  in  Vhat  quantities  thejr 
are  formed  ;  but  since  they  are  such  bodies  as  would  readily  be 
carried  away  from  the  muscle  by  the  blood-stream,  and  yet  are  always 
to  be  found  in  the  muscle,  we  infer  that  they  are  continually  being 
formed,  and  as  continually  being  converted  into  some  other  boJi^ 
and  carried  away.  And  we  may  further  say,  that  since  kreatin  exists 
in  muscle  to  the  extent  of  '2  or  '4  p.  c,  and  since  muscle  forms  so 
large  a  portion  of  the  whole  body,  it  is  at  least  possible,  if  Bot 
probable,  that  a  considerable  amount  of  kreatin  passes  within  twentr- 
four  hours  into  the  blood,  on  its  way  to  become  transformed  by  other 
tissues  into  urea,  or  into  some  stage  nearer  to  urea  than  itself. 
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The  urine  contains  a  certain  amount  (*9  gm.  in  24  hours)  of  kreatin, 
kreatinin,  into  which  kreatin  is  easily  converted;  but  neither  of  these 
Q  be  considered  as  the  normal  channel  by  which  the  kreatin  formed  in 
6  muscles  passes  out  of  the  body.  For  the  urinary  kreatin  is  exceedingly 
kriable  in  quantity,  Tanishes  during  starvation,  and,  though  not  at  all 
creased  by  exercise,  is  largely  augmented  by  a  flesh-diet* ;  and  kreatin 
|ected  into  the  blood,  even  in  small  quantities,  reappears  unchanged  in 
le  urine.  Without  laying  too  much  stress  on  the  last  fact,  we  are  led 
»  conclude  that  the  kreatin  or  kreatinin  in  urine  has  an  origin  quite 
dependent  of  that  which  is  present  in  the  muscles,  being  probably  derived 
rectly  from  the  food. 

With   r^ard  to   the  substances,  such   as   xanthin,  which   appear  in 
oscle  in  small  quantities  only,  our  information  is  too  imperfect  to  allow 
to  make  any  statement  whatever  about  theuL 

While  then  we  have  some  reason  for  thinking  that  the  kreatin 
and,  and  presumably  formed,  in  muscle  is  a  more  or  less  distant 
Ltecedent  of  urea,  it  must  be  remembered  that  this  is  simply  a 
ore  or  less  probable  view,  not  an  ascertained  or  clearly  proven  fact. 

Of  the  metabolism  of  the  nervous  tissues  we  know  little;  but 
^eatin  is  found  in  the  brain,  in  some  cases  in  not  inconsiderable 
lauitity.  Now  the  bodies  of  the  nerve-cells  are  undoubtedly  com- 
bed of  protoplasm;  the  axis- cylinders  of  the  nerve-fibres  are  also 
otoplasmic  in  nature,  and  it  is  at  least  possible  that  much  of  the 
ouliar  matrix  of  the  cerebral  and  cerebellar  convolutions,  and  of  the 
Bjr  matter  generally,  is  also  in  reality  protoplasmic.  Hence  we  may, 
til  a  certain  amount  of  reason,  suppose  that  the  nervous,  like  the 
iscular  tissues,  are  continually,  but  to  a  much  less  extent,  supplying 
antecedent  to  urea  in  the  form  of  kreatin . 

Lastly,  the  spleen  contains  a  considerable  quantity  of  kreatin,  as 
11  as  of  xanthin,  &c.;  and  these  are  present  also  in  various  gland- 
k^*  organs. 

We  thus  have  evidence  of  a  continual  formation  of  kreatin,  possi- 
*"  in  large  quantities,  in  various  parts  of  the  body.  On  the  other 
c^<l,  urea  is  certainly  not  present  in  muscle  (save  in  certain  ex- 
^tional  cases)  and  its  presence  in  nervous  tissue  is  extremely 
i1)tful.  It  is  absent  from  the  spleen  (of  the  occurrence  of  urea  in 
>  liver  we  shall  speak  presently),  the  thymus,  and  thyroid  bodies, 
i  fix)m  the  lymphatic  glands,  though  uric  acid,  as  we  have  seen, 
p^are  to  be  a  normal  constituent  of  the  spleen.  It  seems  very  tempt- 
E  to  jump  at  once  from  these  facts  to  the  conclusion  that  kreatin  is 
d  natural  antecedent  of  urea,  and  that  as  far  as  nitrogenous  excre- 
5*^  is  concerned  the  labour  of  the  kidney  is  confined  to  the  simple 
^i^ormation  of  kreatin  into  urea.  We  have  only  to  suppose  that 
C^  Vreatin  passes  from  these  several  tissues  into  the  blood,  in  which 
tiHiaybe  found,  and  while  circulating  in  the  blood  is  seized  upon 
iyf  the  renal  epithelium  and  converted  into  urea.  And  there  are 
lome  facts  which  support  this  view.     But  there  are  others  which 

»  Volt,  Z«./.  BtoZ.  IV.  77. 
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oppose  it;  and  while  it  cannot  be  said  to  be  wbolly  disproved,  it 
cannot  at  present  be  accepted  as  sufficiently  satis&ctoiy  to  senre  as 
a  foundation  for  other  arguments. 

In  the  first  place,  urea,  in  spite  of  its  absence  from  the  moscleBand 
other  tissues,  is  always  present  in  the  blood,  and  has  also  been  found  in  the 
ohyle,  in  the  serous  fluids,  and  in  saliva.  It  might  be  urged  of  course  thil 
this  urea  is,  so  to  speak,  an  overflow  from  the  kidney,  that  owing  to  ill 
great  diflusibility  it  has  passed  back  from  the  renal  epithelium  where  it  wsi 
luanufactureil  into  the  blood-stream.  When,  however,  ire  reflect  how  all 
diffusion  is  overborne  by  the  natural  physiological  currently  as  shewn 
indeeil  by  the  absence  of  urea  from  muscle,  in  Jipite  of  its  presenoa  ia  the 
)>looi1,  this  argument  loses  all  the  little  force  it  had. 

lu  certain  diseases  of  the  kidney,  the  ezcretioa  of  urine  ceases.    Thii 
suppression  of  urine,  as  it  is  called,  is  followed  by  an  accumulation  of  uRt 
in  the  blood  and  all  parts  of  the  body,  and  is  accompanied  by  symptomi 
known  i\s  those  of  unemio  poisoning,  though  the  toxic  consequeooeB  are 
due  not  to  the  presence  in  the  system  of  the  large  quantity  of  nres,  but  of 
other,  at  present  undefined,  substances  which  have  at  the  same  time  oeaied 
to  be  excreted.     Oppler^  and  Zalesky  stated  that  when  the  kidni^ofaa 
auiiutd  were  extirpateil,  or  the  renal  arteries  ligatured,  though  umnic 
symptoms  set  in  as  usual,  there  was  no  accumulation  of  urea  in  the  blood  or 
tissuos,  and  no  excess  of  carboaic  acid  or  ammonium  carbonate,  such  as  mi^^ 
have  arisen  from  a  rapid  decomposition  of  urea.     There  was  however  a 
marked  accumulation  of  kreatin  or  of  kreatinin.    On  the  other  hand,  thei^ 
olt«ervers  found  that  when  the  ureters  were  ligatured,  so  that  the  blood 
was  still  brought  under  the  influence  of  the  renal  epitheliam,  and  yet  th»^ 
pnHlucts   of   tho   activity   of  that  epithelium  not  aUowed  to  escape,  aa 
(uvumulatioQ  of  un?a  (in  birds  of  uric  acid)  and  not  of  kreatin  was  obserrei 
Thoso  ivsult^,  if  iiulisputable,  would  indeed  afford  strong  evidence  of  the 
iVuvei*siou   of  kreatiu   into  urea  by  the  agency  of  the  renal  epithdinia 
Thoy  have  however  been  much  di6|>uted.    Thus  6r€hant',  using  what  irai 
pix^luibly  a  better  methoil  for  the  estimation  of  urea,  (and  the  detection  of 
un^  in  Lvaiplex  orgHtiio  fluids  is  subject  to  very  considerable  errors,)  came 
to  tho  wuolu:dou  that  the  urea  in  the  blood,  after  extirpation  of  both 
kidneys,  i\^e  fix»m    020  and  from  -088  to  -206  and  -276  per  cent  in  24 
tuul  *J7  bout's  ix's^HiVtiTely.     And  Gsoheidlen'  has  come  to  a  similar  cooda- 
sivui.     The  n^sults  a^wi-ding  to  b<.>th  these  latter  observers  are  the  aae 
wlnjthor  the  kidneys  are  extirjHited  or  the  ureters  tied;  in  the  lattarcaie 
tho  vlisteiisioii  of  the  tubules  soon  renders  the  epithelium  cells  incapabte 
of  jvitonuiiig  their  fuuotious*  and  thus  an  animal,  in  which  the  ureters  haw 
Kvu  li^ituiwL  is  practically  in  the  same  conilition  as  one  from  which  the 
kuUieys  have  Uvn  unmoved.     >reither  Gr^hant  nor  Gscheidlen  make  anr 
statement  aln^uc  an  incivase  of  kreatin.     And  it  may  be  worth  while  to 
notivv  that  though  the  experiments  ^i  these  observers  prove  that  a/?  the 
mva  i»t*  tho  nvino  is  cvrtainly  not  formed  in  the  kidney,  they  do  not  naces- 
sinlv  v»|n»vv<o  tho  view  that  ^wkj  of  it  may  be  so  formed  out  of  kreatin  or 
av»nio  similar  anit\*edent.     Nor  is  there  anything  ik  priori  to  contradict  tke 
supjHvsitiv'u  that  tiie  origin  of  urea  may  be  double,  part  being  formed  in  odb 

^  \  irobow'H  i'.  .Vr.  \xi.  "i^.  «  Cbt.  J/,-.f.  ITf^t.  1«?T»\  p.  343. 
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way  and  part  in  another.  Lastly,  the  fact  that  urea  injected  into  the  blood 
causes  a  rapid  secretion  of  urine,  may  be  used  as  an  argument  that  the 
habit  of  the  renal  epithelium  is  to  pick  out,  so  to  speak,  ^e  urea  from  the 
blood  and  to  carry  it  into  the  channels  of  the  renal  tubules. 

There  is  moreover  another  possible  source  of  urea  besides  the 
:  kreatin  formed  in  muscle  and  elsewhere.    We  have  seen  that  one 
tesult  of  the  action  of  the  pancreatic  juice  is  the  formation  of  con- 
siderable quantities  of  leucin  and   tyrosin.    In  dealing  with   the 
statistics  of  nutrition,  our  attention  will  be  drawn  to  the  fact  that  the 
introduction  of  proteid  matter  into  the  alimentary  canal  is  followed 
by  a  large  and  rapid  excretion  of  urea,  suggesting  the  idea  that  a 
certain  part  of  the  total  quantity  of  the  urea  normally  secreted  comes 
from  a  direct  metabolism  of  the  proteids  of  the  food,  without  these 
really  forming  a  part  of  the  tissues  of  the  body.    We  do  not  know  to 
what  extent  normal  pancreatic  digestion  has  for  its  product  leucin, 
and  its  companion  tyrosin;  but  if,  especially  when  a  meal  rich  in 
proteids  has  been  taken,  a  coQsiderable  quantity  of  leucin  is  formed, 
we  can  perceive  an  easv  and  direct  source  of  urea,  provided  that  the 
metabolism  of  the  body  is  capable  of  converting  leucin  into  urea. 
Xbat  the  body  can  effect  this  cnaiage  is  shewn  by  the  fact  that  leucin, 
irlien  introduced  into  the  alimentary  canal  in  even  large  quantities, 
does  reappear  in  the  urine  as  urea ;  that  is,  the  urine  contains  no 
leucin,  but  its  urea  is  proportionately  increased;  and  the  same  is 
probablv  the  case  with  tyrosin,  thous'h  this  is  disputed.    Now  the 
leiiicin  formed  in  the  alimentary  canal  is  carried  by  the  portal  blood 
8t.r:aight  to  the  liver ;  and  the  liver,  unlike  other  glandular  organs, 
do^  even  in  a  perfectly  normal  state  of  things,  contain  urea.     Wo 
A^"^^  thus  led  to  the  view  that  among  the  numerous  metabolic  events 
"•^l^ich  occur  in  the  hepatic  cells,  the  formation  of  urea  out  of  leucin  or 
^'^^t;  of  other  antecedents  may  be  ranked  as  one.     Probable,  however, 
*^   'this  view  may  seem,  it  has  not  as  yet  been  established  as  a  fact. 

Heiraner*  found  a  large  quantity  of  urea  in  the  liver  of  mammals,  and 

^      urates  in  the  liver  of  (birds.     Cyon*  attempted   to  demonstrate  tbo 

^'^^'^kiation  of  urea  in  the  liver  by  passing  a  stream  of  freah  blood  through 

'^^    Uver  of  an  animal  recently  killed,  and  estimating  the  percentage  of 

'^"^^^  in  the  blood  used  before  and  after.     He  found  it  to  be  increased  from 

^'^   to  '176.     This  however  is  not  conclusive,  for,  as  Grscheidlen  has  urged*, 

^^   increased  quantity  in  the  blood  which  had  been  circulated  was  simply 

which  had  been  washed  out  from  the  liver,  where  it  had  previously 

Btaying.     A  strong  presumption  in  favour  of  urea  arising  through  tho 

kttc  metabolinn,  from  leucin  as  an  antecedent,  is  afforded  by  the  fact 

^l^^jt  in  cases  of  acute  atrophy  of  the  liver,  where  the  hepatic  cells  loso 

tt^^ir  fanctional  activity,  the  urea  of  the  urine  is  replaced  by  leucin  and 

M^^^^^     And  lastly,  it  may  be  remarked  that  not  only  are  leucin  and 

tyrosin   found  in  nearly  all  the   tissues  after   death,    especially   in    the 

^^dalar  tissues,  but  they  also  appear  with  striking  readiness  in  almost 

»  Zt.f.  rat.  Med.  (8)  xxxi.  144.  «  Cht.f.  Med.  Witt.  1870,  p.  680. 

»  Cf.  also  Munk,  PflUger'g  Archiv,  xi.  (1876)  p.  100. 
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all  decompositions  of  proteid,  and,  in  the  case  of  the  former,  of  gdstim- 
feroiis  substances. 

The  view  that  leiicin  is  transformed  into  urea  lands  us  howerer  in  ?ery 
couHiderable  difficulties.     Leucin,  as  we  know,  is  amidoH»proic  add;  ind, 
with  our  present  chemical  knowledge,  we  can  conceive  of  no  other  mj  in 
which  leucin  can  be  converted  into  urea  than  by  the  complete  reduction  of 
the  former  to  the  ammonia  condition,  and  a  reconstruction  of  the  litfeer 
out  of  the  ammonia  so  formed.     We  have  a  somewhat  parallel  case  in 
glycin.     This,  which  is  amido-acetic  acid,  when  introduced  into  the  ali- 
nientary  canal,  also  reappears  as  urea;  here  too,  a  reoonatmction  of  ores 
out  of  an  ammonia  phase  must  take  place  \     And  there  are  some  recent 
facts  which  point  in  exactly  the  same  direction,  viz.  in  a  derivation  ci  the 
normal  urea  of  the  urine  from  a  simple  ammonia  antecedent.    O.  Schultzm' 
iiudu  that  when  an  appropriate  quantity  of  sarcosin  is  given  by  the  month, 
urea  disappears  from  the  urine,  being  replaced  by  a  compound  of  sarcosin 
and  carbamic  acid  (in  company  with  a  compound  of  saioosin  with  solphamic 
acid).     The  interpretation  of  this  result  is  that  in  normal  metabolism  the 
protcids  are  ultimately  broken  down  to  carbamic  acid  and  ammonia,  irhich 
uniting  and  becoming  subsequently  dehydrated,  form  urea;  thus  CO^JS, 
ammonium  carbamate  -  H,0  -*  GON^H^  urea ;  but  that  carbamic  acid, 
liaving    a   greater   affinity   for  sarcosin  than  ammonia,  seizes  the  fonner 
in  preference  when  it  is  at  hand,  and  consequently  gives  rise  to  BchiiltMiL'fl 
compound.     There  are  however  many  difficulties  in  accepting  this  viev. 
In  the  first  place,  no  compounds  of  carbamic  acid  are  known  to  exist  in 
the  blood  or  in  the  body':  this  however  perhaps  is  an  objection  of  no  greit 
validity.     In  the  second  place,  sarcosin,  though  not  apparently  a  nonnal 
constituent  of  any  of  the  tissues,  should,  if  kreatin  is  normally  converted 
into  urea,  arise  somewhere  in  the  body  constantly  as  a  bye-prodnct  of 
that  conversion,  since  kreatin  contains  residues  of  both  urea  and  sarcosin. 
Schultzcn's  compound  therefore  ought  to  be  a  normal  constituent  of  the 
uiine,  which  apparently  it    is  not.     Nevertheless  there  remain  the  fuM, 
that  leucin  is  in  some  way  or  other  converted,  in  the  body,  into  urea; 
that  leucin,  since  it  occurs  abundantly  in  the  body,  is  probably  a  sonroe 
of  part  of  the  urea ;  and  that  leucin  can  only  be  converted  into  urea  bj 
a  decomposition  into  ammonia  or  an  ammonia  body,  whereby  the  caproie 
acid  residue  is  set  free  either  to  be  elaborated  into  a  fat  or  to  be  oxidised 
into  carbonic  acid.     It  is  worthy  of  notice  that  this  idea  of  a  reoonstniction 
of  urea  out  of  ammonia  agrees  completely  with  the  views  expressed  on 
p.  343  concerning  the  constructive  capacities  of  the  animal  orgamsm. 

To  sum  up  our  imperfect  knowledge  concerning  the  histoiy  of 
urea.  We  have  evidence,  not  exactly  complete  but  fairly  satisfactoiy, 
that  a  part  at  least  of  the  urea  is  simply  withdrawn  from  the  blood 
by  the  renal  epithelium.  The  activity  of  the  protoplasm  of  the 
secreting  cells  must  therefore,  as  far  as  this  part  of  the  urea  is  oon- 
(jcrned,  be  confined  to  absorbing  the  urea  from  the  renal  blood,  and 
to  passing  it  on  into  the  cavities  of  the  renal  tubules.  The  mechanism 
by  which  this  is  eflfected  we  cannot  at  present  fathom,  but  it  seems 

*  Cf.  Salkowski,  Zt.f.  Physiolog,  Chem.  i.  (1877)  1.  Schmiedeberg,  Arckivf.  Eip, 
Path.  VIII.  (1877).  *  Berichte  Deut,  Chem,  Ge$elL  1872,  p.  678. 

»  Cf.  Drecbsel,  Ludwig's  Arbeiten,  1875.  Hofmeister,  Pfltiger's  Arehiv,  xii.  (1876) 
p.  337. 
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more  comparable  to  a  selection  of  food  than  to  anjrthing  else;  the 
c^lls  appear  to  treat  urea  much  in  the  same  way  as  they  treat 
indigo-carmine  (p.  325).  The  antecedents  of  the  urea  in  the  blood 
are,  we  may  at  present  suppose,  partly  the  kreatin  formed  in  muscle 
and  elsewhere,  partly  the  leucin  and  other  like  bodies  formed  in  the 
alimentary  canal  as  well  as  in  various  tissues.  The  transformation  of 
these  bodies  into  urea  may  take  place  in  the  liver  (and  spleen),  but 
we  have  no  exact  proof  of  this,  nor  can  we  say  exactly  in  what  way 
the  transformation  is  effected.  There  is  no  proof  of  any  body  existing 
in  the  blood  capable  of  effecting  this  transformation;  and  we  may 
probably  rest  assured  that  in  this,  as  in  other  metabolic  events,  the 
activity  exercised  in  the  change  comes  from  some  tissue,  and  cannot 
be  manifested  by  simple  blood  plasma. 

Lastly,  it  is  possible  that  the  kidney  may,  besides  the  simpler 
duty  of  ¥rithdrawmg  ready  formed  urea  from  the  bloody  be  exercised 
in  transforming  various  nitrogenous  crystalline  bodies  to  serve  as  part 
of  the  supply  of  urea  which  passes  from  it. 

Uric  Add*  This,  like  urea,  is  a  normal  constituent  of  urine,  and, 
like  urea,  has  been  found  in  the  blood,  and  in  the  liver  and  spleen ; 
we  have  alreadv,  p.  348,  referred  to  its  relations  with  this  latter  organ. 
In  some  animals,  such  as  birds  and  most  reptiles,  it  takes  the  place 
of  urea.  In  various  diseases  the  quantity^  in  the  urine  is  increased; 
and  at  times,  as  in  gout,  uric  acid  accumulates  in  the  blood,  and  is 
deposited  in  the  tissues.  By  oxidation  a  molecule  of  uric  acid  can 
be  split  up  into  two  molecules  of  urea  and  a  molecule  of  mesoxalic 
aeid«  It  mav  therefore  be  spoken  of  as  a  less  oxidized  product  of 
proteid  metabolism  than  urea;  but  there  is  no  evidence  whatever  to 
shew  that  the  former  is  a  necessary  antecedent  of  the  latter ;  on  the 
contrary,  all  the  facts  known  go  to  shew  that  the  appearance  of  uric 
acid  is  the  result  of  a  metabolism  slightly  diverging  from  that  leading 
to  urea.  And  we  have  no  evidence  to  prove  that  the  cause  of  the 
divergence  lies  in  an  insufficient  supply  of  oxygen  to  the  organism 
at  laj^e ;  on  the  contrary,  uric  acid  occurs  in  the  rapidly  breathing 
birds,  as  well  as  in  the  more  torpid  reptiles.  It  has  been  urged' 
that  birds,  though  breathing  with  great  energy,  yet  consume  oxygen 
to  such  an  extent  that  in  spite  of  their  income  they  are  always  in 
lack  of  it ;  but  of  this  there  is  no  proof,  while  the  richness  of  their 
blood  in  red  corpuscles  points  in  the  opposite  direction.  Nor  can 
the  fact  that  in  the  frog  urea  a^in  replaces  uric  acid  be  explained 
bj  reference  to  that  animal  having  so  large  a  cutaneous  in  addition 
to  its  pulmonary  respiration.  The  final  causes  of  the  divergence  are 
to  be  sought  rather  in  the  fact  that  urea  is  the  form  adapted  to  a 
fluid,  and  uric  acid  to  a  more  solid  excrement. 

^  It  need  hardly  be  pointed  oat  that  an  increase  in  the  qtumtity  of  nrio  aoid  in  the 
mine  mntt  be  diitlngiiished  from  an  increase  in  the  prominence  of  nrio  add  dae  to  the 
precipitation  of  its  alkaline  salts. 

s  Odling,  LeetureM  en  Animal  Chemistry ^  p.  114. 
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Hippxuic  Acid*    In  the  urine  of  herbivoni  uric  acid  is  for  the 
most  part  absent,  being  replaced  by  hippuric  acid.    In  the  urine  of 
omnivorous  man,  both  acids  may  be  present  together.    The  history 
of  the  hippuric  acid  of  urine  is  very  instructive ;  for  though  at  first 
sight  its  priesence  might  appear  to  indicate  that  the  metabolism  of 
the  herbivora  is  in  some  points  fundamentally  different  from  that 
of  carnivora,  there  can  be  little  doubt  that  the  hippuric  acid  ^rhich 
appears  in  the  urine  of  herbivora  comes  directly  from  the  ingested 
food.     Hippuric  acid  is  a  compound  of  benzoic  acid  and  glycin ;  and 
when  benzoic  acid  is  introduced  into  the  stomach  of  an  animal, 
whether  herbivorous  or  not,  it  reappears  not  as  benzoic  but  as  hippuric 
acid.    If  previous  to  the  injection  the  liver  be  excised,  the  benzoic 
acid  passes  out  through  the  urine  unchanged  \     If  the  benzoic  add 
be  injected  slowly  into  the  portal  vein,  it  issuefi  as  hippuric  acid;  if  it 
be  injected  into  the  jugular,  especially  if  it  be  injected  rapidly,  the 
greater  portion  passes  out  by  the  urine  as  unchanged  benzoic  acid. 
The  explanation  of  these  facts  is  obvious.    The  benzoic  add  coming 
to  the  hepatic  cells  in  the  portal  blood,  meets  there  with  a  certain 
quantity  of  glycin ;  with  this  it  unites  and  thus  becomes  hippuric 
acid.    Nitrobenzoic  acid  in  a  similar  way  becomes  nitrohippuric  add, 
and  many  other  bodies,  by  a  like  assumption  of  glvcin,  b^me  con- 
jugated in  their  passage  through  the  body.    And  it  wUl  be  remem- 
bered that  the  two  bile  acids  are  conjugates  of  cholalic  acid  with 
glycin  and  taurin  respectively.     Now  taurin  is  found  in  other  tissues 
besides  the  liver,  ex,  gr.  in  muscles  and  in  the  lungs ;  but  glydn  is 
not  found  preformed  in  any  tissue,  though  it  is  readily  obtained  by 
the  decomposition  of  proteids  and  of  gelatine.    It  appears  however 
from  the  experiments  just  quoted  that  the  conjugation  with  glydn 
can  take  place  only  in  the  liver ;  there  must  therefore  be  disposable 
glycin  always  present  in  the  liver ;  yet  it  is  not  found  in  that  oijan 
in  a  free  state.     From  this  we  learn  in  the  first  place  that  the  ab- 
sence of  a  body  in  a  free  state  from  any  tissue  is  no  proof  that  the 
body  may  not  be  habitually  formed  in  that  tissue ;  and  in  the  second 
place,  that  the  conjugation  with  glycin  is  the  result  of  some  activity 
of  the  hepatic  cells  of  such  a  kind  that  the  glycin  is  produced  in  sudi 
quantities  only  as  are  wanted ;  it  is  never  present  in  excess,  and  so 
can  never  become  free, 

Meissner  and  Shepard'  however  maintained  that  the  transformation  of 
benzoic  into  hippuric  acid  took  place  not  so  much  in  the  liver  as  in  the 
kidney;  and  Bunge  and  Schmiedeberg'  have  brought  forward  experimental 
evidence  to  the  same  effect. 

The  knowledge  of  the  fact  that  benzoic  acid  is  thus  converted 
into  hippuric  acid  naturally  suggested  the  idea  that  the  food  of  her- 
bivora might  contain  either  benzoic  acid,  or  some  allied  body,  and 
that  the  presence  of  hippuric  acid  as  a  normal  constituent  of  urine 

*  Ktihne  u.  Hallwaclis.    Virchow's  Archiv,  xii.  (1857)  386. 

«  Die  Uippurtaure,  Hannover,  18CC.  *  Archiv,/.  Exp.  PathoU  VL  (1876)  383. 
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oight  be  thus  acoounted  for.  And  Meissner  and  Shepard^  have 
hewn  that  all  the  hippuric  acid  of  herbivorous  urine  is  in  reality  due 

0  the  presence  in  ordinary  fodder  (hay)  of  a  particular  constituent 
ontaining  a  benzoic  residue ;  when  this  constituent  is  withdrawn, 
he  hippuric  acid  disappears  from  the  urine.  They  regarded  this  sub- 
tance  as  a  particular  form  of  cellulose;  but  this  does  not  seem  certain*. 

Of  the  meaning  of  the  appearance  in  the  tissues  of  such  bodies  as 
lanthin,  &c.  and  of  the  exact  nature  of  the  metabolism  which  they 
mdergo,  we  know  nothing.  We  cannot  say  whether  they  are  simply 
he  accidental  bye-products  of  nitrogenous  metabolism,  the  result  of 
mperfect  chemical  machinery;  or  whether  they,  though  small  in 
[uantity,  serve  some  special  ends  in  the  economy. 

Sec.  3.    The  Statistics  op  Nutrition, 

The  preceding  sections  have  shewn  us  how  wholly  impossible  it 
B  at  present  to  master  the  metabolic  phenomena  of  the  body  by 
attempting  to  trace  out  forwards  or  backwards  the  several  changes 
mdergone  by  the  individual  constituents  of  the  food,  the  body  or 
he  waste  products.  Another  method  is  however  open  to  us,  the 
tatistical  method.  We  may  ascertain  the  total  income  and  the 
otal  expenditure  of  the  body  during  a  given  period,  and  by  com- 
paring the  two  may  be  able  to  draw  conclusions  concerning  the 
faanees  which  must  have  taken  place  in  the  body  while  the  income 
ras  being  converted  into  the  outcome.  Many  researches  have  of 
site  years  been  carried  out  by  this  method ;  but  valuable  as  are  the 
esults  which  have  been  thereby  gained,  they  must  be  received  with 
aution,  since  in  this  method  of  inquiry  a  small  error  in  the  data 
nay,  in  the  process  of  calculation  and  inference,  lead  to  most  wrong 
onclusions.  The  great  use  of  such  inquiries  is  to  suggest  ideas,  but 
he  views  to  which  they  give  rise  need  to  be  verified  in  other  ways 
•efore  they  can  acquire  real  worth. 

Composition  of  the  Animal  Body-    The  first  datum  we  require 

1  a  knowledge  of  the  composition  of  the  body,  as  far  as  the  relative 
Toportion  of  the  various  tissues  is  concerned.  In  the  human  body, 
ooording  to  K  Bischoff*,  the  chief  tissues  are  found  in  the  following 
roportions  by  weight : 

Adult  man  New-bom  baby 

(aged  83).  (boy). 

Skeleton  159  p. c.  177  p. c. 

Muscles  41*8  „  22*9 

Thoracic  viscera  1*7  „                       30 

Abdominal  viscera  7*2  „  11*5    „ 

Fat  18-2 

Skin  6*9  „ 

Brain  1*9  „                '     loS   „ 


» 


I    20-0 


1  Op.  ei(.  *  Cf.  Weialce,  Zt,  f.  Biol.  xn.  (1876)  p.  241. 

*  Qnotod  by  Banke,  QrwtdtOgt,  p.  US. 
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An  analysis  of  a  cat  gave  Bidder  and  Schmidt^  the  following: 

Muscles  and  tendons  45*0  p.  a 

Bones  14"7  » 

Skin  12-0  „ 

Mesentery  and  adipose  tissue      3*8  „ 

Liver  4*8  ^ 

Blood  (escaping  at  death)  6*0  ^ 

Other  oigans  and  tissues  13*7  „ 

One  point  of  importance  to  be  noticed  in  these  analyses  is  that 
the  skeletal  muscles  form  nearly  half  the  body ;  and  we  have  already 
seen  (p.  31)  that  about  a  quarter  of  the  total  blood  in  the  body  is 
contained  in  thenu  We  infer  from  this  that  a  huge  part  of  the 
metabolism  of  the  body  is  carried  on  in  the  moadesL  Next  to  the 
muscles  we  must  place  the  liver,  for  though  far  leas  in  bulk  than 
them,  it  is  subject  to  more  active  metabolism,  as  shewn  by  the  &ct 
that  it  alone  holds  about  a  quarter  dt  the  whole  blood. 

The  Starving  ^BnAj.  Before  attempting  to  study  the  inflaoice 
of  food,  it  will  be  useuil  to  ascertain  what  changes  occur  in  a  body 
when  all  food  is  withheld.  Voit*  found  that  a  cat  lost  in  a  himger 
l^riod  of  13  days  734  grammes  of  solid  material,  of  which  248*8  woe 
tat  and  118*2  muscle,  the  remainder  being  derived  finom  the  otbtf 
tissues^  The  percentage  of  dry  solid  matter  lost  by  the  more  im- 
{Kirtant  tissues  during  the  period  was  as  follows: 

Adipose  tissue  97*0 

Spleen  63*1 

liver  56-6 

Muscles  30-2 

Blood  17-6 

Brain  and  spinal  conl  (H) 

Thu'^  tho  U>s$  duriui^r  starvation  fell  most  heavilv  <m  the  fia^t,  indeed 
uoarly  tho  whole  of  this  disappeared.  Next  to  the  &t,  the  ^andolar 
on::Hiis.  tho  tiss^uos  whioh  wo  have  seen  to  be  eminently  metabolic, 
$uAVjrv\l  mosii.  Then  cv^me  the  muscles^  that  is  to  say,  the  skeletal 
Kuxt^v'lo^  for  tho  lv>$$  in  tho  hoan  was  very  trifling ;  obviously  tlus 
or^::ux.  ou  aov\Hint  ot  its  impoctano^  in  carrying  on  the  work  of  the 
twuiomv^  WHS  s^vuw:  as  luuch  as  pogs>iblo:  it  was  in  £Mrt  fed  on  the 
rose  v^t  t^o  Kxi\\  Tho  s^i^mo  romark  applies  to  the  brain  and  spsal 
v\\r\l ;  iu  iMxior  th;jic  lito  r.iUht  Iv  prolonged  as  much  as  possible, 
thtNs^^  iu>iv>rtaiu  v*rv:Ans  wcrv  iK>urIshc\i  by  niatmal  drawn  from  less 
lu^blo  v^r^us  artvt  ::;fSiUt  :iv  TLe  blood  sut&red  proportionally  to  the 
j^^ixor^I  K\:Y'W;i5:o.  lvvvr:i:u^  i:r:ikiually  loss  in  bulk  but  retaining 
uio  si^wo  s^yviio  >:nv:;y  ;  o:  :ao  ;oMkl  dry  proceid  Ci>nstitnent5  of  the 
KvY  17  S  |v  0*  was  •vxs:*  which  s^T>e^  v^ry  ci>»ely  with  the  17'6  p  c 


:  V  )%^>viu«»i^;«i7>.  r^  $»L  *  zt  /.  J5M.  iL  (ises)  so:. 
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^o^t  "by  the  blood.    It  is  worthy  of  remark  that  the  tissues  in  general 
Wcame  more  watery  than  in  health. 

We  may  infer  from  these  data  the  conclusions  that  metabolism  is  most 
^tiye  first  in  the  adipose  tissue,  next  in  such  metabolic  tissues  as  the 
hepatic  cells  and  spleen-pulp,  then  in  the  muscles,  and  so  on;  but  these 
conclusions  must  be  guarded  by  the  reflection  that  because  the  lo88  of 
cardiac  and  nervous  tissue  was  so  small,  we  must  not  therefore  infer  that 
thm  metdbolism  was  feeble;  they  may  have  undei'gone  rapid  metabolism, 
and  yet  have  been  preserved  from  loss  of  substance  by  their  drawing  upon 
other  tissues  for  their  materiaL 

During  this  starvation-period,  the  urine  contained  in  the  form  of 
urea  (for,  as  we  shall  see,  the  other  nitrogenous  constituents  of  urine 
may  for  the  most  part  be  disregarded)  277  grammes  of  nitrogen. 
Now  the  amount  of  muscle  which  was  lost  during  the  period  con^ 
tained  about  15*2  of  nitrogen.  Thus,  more  than  half  the  nitrogen  of 
the  outcome  during  the  starvation-period  must  have  come  ultimately 
from  the  metabolism  of  muscular  tissue.  This  is  an  important  fact  of 
which  we  shall  be  able  to  make  use  hereafter.  Bidder  and  Schmidt^ 
come  to  the  conplusion,  from  their  observations  on  a  starving  cat,  that 
the  quantity  of  urea  excreted  per  diem,  in  all  but  the  earlier  days  of 
the  inanition  period,  bore  a  fixed  ratio  to  the  body-weight.  In  the 
first  two  or  three  days  of  the  period,  the  daily  quantity  of  urea  was 
much  greater  than  this.  They  were  thus  led  to  distinguish  two 
sources  of  urea :  a  quantity  arising  from  the  functional  activity  of 
the  whole  body,  ana  therefore  bearing  a  fixed  ratio  to  the  body- 
weieht,  and  continuing  until  near  the  close  of  life ;  and  a  quantity 
arising  from  the  amount  of  surplus  nitrogenous  or  proteid  material 
which  happened  to  be  stored  up  in  the  body  at  the  commencement  of 
the  period,  and  which  was  rapidly  got  rid  of.  The  latter  they  re- 
garded as  not  entering  distinctly  into  the  composition  of  the  tissues, 
but  as,  so  to  speak,  floating  capital,  upon  which  each  or  any  of  the 
tissiues  could  draw.  They  spoke  of  its  direct  metabolism  as  a  luxua 
consumption.  Bischoff  and  Voit*,  however,  by  means  of  more  ex- 
tended observations,  concluded  that  though  the  urea  of  the  first  two 
or  three  days  much  exceeds  that  of  the  subsequent  days  of  a  starva- 
tion-period, no  such  fixed  relation  of  urea  to  body-weight  as  that 
suggested  by  Bidder  and  Schmidt  obtains ;  but  that  the  quantity 
which  is  passed  is  directly  dependent  on  the  amount  of  proteid 
material  present  in  the  food  auring  the  days  antecedent  to  the 
commencement  of  the  starvation  period.  This  question  of  a  luxus 
consumption  is  one  to  which  we  shall  frequently  have  to  refer. 

Tha  Kdrniftl  Diet.  What  is  the  proper  diet  for  a  given  animal 
under  given  circumstances,  can  only  be  determined  when  the  laws  of 
nutrition  are  known.  Meanwhile  it  is  necessary  to  gain  an  approxi- 
mate idea  of  what  may  be  considered  as  the  normal  diet  for  a  body 

1  DU  VerdauungudfU,  1S52. 
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such  as  that  of  man  under  ordinary  circumstance&  This  may  be  set- 
tled either  by  taking  a  very  large  average,  or  by  determining  exactly 
the  conditions  of  a  particular  case.  In  the  table  below  is  given  botli 
the  average  result  obtained  by  Moleschott^  firom  a  laige  number  of 
public  diets,  and  the  diet  on  which  Ranke^  found  himself  in  good 
health,  neither  losing  nor  gaining  weight 

Moleschott.  Banke  (wogihi  74  Vkx). 
Froteids                              30  100 

Fat  84  100 

Amyloids  404  240 

Salts  30  25 

Water  2800  2600 

Of.  these  two  diets,  which  agree  in  many  respects,  that  of  Ranke 
is  probably  the  better  one,  since  in  public  diets,  from  which  Mole- 
schott's  table  is  drawn,  the  cheaper  carbohydrates  are  used  to  the  ex- 
clusion of  the  dearer  fats. 

Comparison  of  Income  and  Outcome. 

Hethod.  We  have  now  to  inquire  how  the  elements  of  such  a 
diet  are  distributed  in  the  excreta,  in  order  that,  from  the  manner  of 
the  distribution,  we  may  infer  the  nature  of  the  intermediate  stages 
which  take  place  within  the  body.  By  comparing  the  ingesta  with 
the  excreta,  we  shall  learn  what  elements  have  been  retained  in  the 
body,  and  what  elements  appear  in  the  excreta  which  were  not 
present  in  the  food ;  from  these  we  may  infer  the  changes  which  the 
body  has  undergone  through  the  influence  of  the  food. 

In  the  first  place,  the  real  income  must  be  distinguished  from 
the  apparent  one  by  the  subtraction  of  the  faeces.  We  have  seen 
that  by  far  the  greater  part  of  the  faeces  is  undigested  matter,  ie, 
food  which,  though  placed  in  the  alimentary  canal,  has  not  really 
eatered  into  the  body.  The  share  in  the  faeces  taken  up  by  matter 
which  has  been  excreted  from  the  blood  by  the  alimentary  canal,  is 
so  small  that  it  may  be  neglected ;  certainly  with  regard  to  nitrogen, 
the  whole  quantity  of  this  element,  which  is  present  in  the  faw^es, 
may  be  regarded  as  indicating  simply  undigested  nitrogenous  matter. 

In  comparing  the  income  and  outcome  of  a  given  period  great  difficulty 
is  often  foimd  in  determining  whether  the  fseces  passed  in  the  early  dajs 
of  the  period  belong  to  the  income  of  the  period,  or  are  the  remains  <rf 
food  taken  before.  The  difficidty,  however,  is  frequently  lightened  when 
the  diet  of  the  experimental  peiiod  differs  from  the  foregoing  diet.  Thus 
in  the  dog,  the  fieces  of  a  bread  diet  may  easily  be  distinguished  from 
those  of  a  meat  diet. 

The  income,  thus  corrected,  will  consist  of  so  much  nitrogen, 
carbon,  hydrogen,  oxygen,  sulphur,  phosphorus,  saline  matters,  and 

^  Die  Xahrimgmittel,  p.  216.  *  Tetanui,  p.  249;  GrundzOge,  p.  158. 
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rater,  contained  in  the  proteids,  fieits,  carbo-hydrates,  salts,  and  water  of 
lie  food,  together  with  the  oxygen  absorbed  by  the  lungs,  skin,  and 
limentary  canaL  The  outcome  will  consist  of  (1)  the  respiratory 
redacts  of  the  lunffs,  skin,  and  alimentary  canal,  consisting  chiefly 
r  carbonic  acid  ana  water,  with  small  quantities  of  hydrogen  and 
urburetted  hydrogen,  these  two  latter  coming  exclusively  from  the 
limentary  canal;  (2)  of  perspiration,  consisting  chiefly  of  water 
ud  salts,  for  we  shall  neglect  the  dubious  excretion  (see  p.  313)  of 
rea  by  the  skin,  and  the  other  organic  constituents  of  sweat  amount 
>  very  little ;  and  (3)  of  the  urine,  which  contains  practically  all  the 
itrogen  really  excreted  by  the  body,  as  well  as  a  large  quantity  of 
kline  matters,  and  of  water.  Where  complete  accuracy  is  required 
le  total  nitrogen  of  the  urine  ought  to  be  determined ;  it  is  jfound, 
>weyer,  that  no  errors  of  serious  importance  arise  when  the  urea 
one,  as  determined  by  Liebig's  method,  is  taken  as  the  measure 
;*  the  total  quantity  of  nitrogen  in  the  urine. 

It  has  been  and  indeed  still  is  debated  whether  the  body  may  not 
[ffer  loss  of  nitrogen  by  other  channels  than  by  the  urine.     The  balance 

evidence  seems  distinctly  against  such  a  view.  While  Boussingault, 
eiaet  and  Barral  found  a  deficiency  in  the  urinary  nitrogen  as  compared 
ith  that  in  the  income.  Bidder  and  Schmidt,  Bischoff  and  Yoit,  Kanke, 
enneberg  and  others  came  to  a  different  conclusion,  which  is  perhaps 
oat  clearly  shewn  in  the  observations  of  Yoit  on  a  pigeon  ^ 

Of  these  elements  of  the  income  and  outcome,  the  nitrogen,  the  car- 
>n,  and  the  free  oxygen  of  respiration  are  by  far  the  most  important. 
ince  water  is  of  use  to  the  body  for  merely  mechanical  purposes, 
id  not  solely  as  food  in  the  strict  sense  of  the  word,  the  hydrogen 
ement  becomes  a  dubious  one ;  the  sulphur  of  the  proteids,  and  the 
[losphorus  of  the  fats,  are  insignificant  in  amount ;  while  the  saline 
latters  stand  on  a  wholly  different  footing  from  the  other  parts  of 
od,  inasmuch  as  they  are  not  sources  of  energy,  and  pass  through 
le  body  with  comparatively  little  change.  The  body-weight  must 
■  course  be  carefully  ascertained  at  the  beginning  and  at  the  end  of 
le  period,  correction  being  made  where  possible  for  the  faeces. 

It  will  be  seen  that  the  labour  of  such  inquiries  is  considerable. 
he  urine,  which  must  be  carefully  kept  separate  from  the  faeces,  re- 
lires  daily  measurement  and  analysis.  Any  loss  by  the  skin,  either 
L  the  form  of  sweat,  or,  in  the  case  of  wooUy  animals,  of  hair,  must 
3  estimated  or  accounted  for.  The  food  of  the  period  must  l>e 
\  far  as  possible  uniform  in  character,  in  order  that  the  analyses 

specimens  may  serve  faithfully  for  calculations  involving  the 
hole  quantity  of  food  taken ;  and  this  is  especially  the  case  when 
18  diet  is  a  meat  one,  since  portions  of  meat  differ  so  much  from 
kch  other.  But  the  greatest  difficulty  of  all  lies  in  the  estimation  of 
le  carbonic  acid  produced  and  the  oxygen  consumed.  In  the  earlier 
isearches,  such  as  those  of  Bischoff  and  Yoit,  this  element  was 

\  Ann,  Chem^  Pharm,  Soppl.  n.  18C3. 
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neglected  and  the  variations  occurring  were  simply  gaeased  at, 
through  which  very  serious  errors  were  introduced.  II  o  comparison 
of  income  and  outcome  can  be  considered  satisfactory  unless  the  car- 
bonic acid  produced  be  directly  measured  by  means  of  a  respuation 
chamber. 

Pettenkofcr  and  Yoit*  were  the  first  to  make  use  on  a  large  scale  of  this 
means  of  inquiry.  Their  apparatus  consists  essentially  of  a  large  air-tij^t 
chamber,  cainible  of  holding  a  man  comfortably.  By  means  of  a  steim 
engine  a  current  of  air,  measured  by  a  gasometer,  is  drawn  throu^  the 
chiunber.  Measureil  portions  of  the  outgoing  air  are  from  time  to  tine 
withdnii^-n  and  analysed;  and  from  the  data  afforded  by  these  analjao, 
the  amount  of  carbonic  acid  (and  other  gases)  given  off  by  the  oocopant  of 
the  clianiber  during  a  given  time  is  determined.  The  apparatus  worti 
so  well  that  Pettenkofer  and  Yoit  were  able  almost  exactly  to  recover  the 
elements  prtnluced  by  the  burning  of  a  stearin  candle  in  the  chamber} 
the  error  did  not  amount  to  more  than  '3  per  cent. 

If  the  total  amount  of  carbonic  acid  and  water  given  out  by  the 
lungs  be  known,  as  well  as  the  amount  of  urine  and  fieces,  then  the 
quantity  of  oxygen  can  be  easily  calculated.  For  evidently  the 
iliAorvnco  between  the  terminal  weight  plus  all  the  egesta  and  the 
initial  weight  plus  all  the  ingesta  can  be  nothing  else  than  the 
weight  of  the  oxygen  absorbed  during  the  period. 

Let  us  imagine,  then,  an  experiment  of  this  kind  to  have  been 
completely  carried  out,  that  the  animal  s  initial  and  terminal  weights 
have  Iven  accurately  determined,  the  composition  of  the  food  satis- 
fuetorily  known  to  consist  of  so  much  proteid,  fat,  carbohydrates,  salts, 
and  wHier.  and  to  contain  so  much  nitrogen  and  carbon,  the  weight  of 
the  taws  auJ  the  nitrogen  they  contain  ascertained,  the  nitrogen  of 
the  urine  deienuiuevl,  the  a\rbonic  acid  given  off  by  the  whole  body 
osuvt'ullv  me;isurv.\i.  and  the  amount  of  oxv^^en  absorbed  calcuhiteJ 
— what  iuterpretaiion  can  be  placed  on  the  results  \ 

Let  u>  suppose  that  the  animal  has  gained  u*  in  weight  during  the 
}HTiv\l,  V.^t*  wluit  dv.vs  tc  consist  •  Is  it  tat  or  proteid  material  which 
has  been  Liid  on.  or  simply  water  which  has  been  retained,  or  some 
of  one  and  ot  the  other  i  Let  us  tunher  suppose  that  the  nitrogen 
of  tiie  urine  j*ivsse\.l  duriug  the  perio^.1  is  less,  say  by  jr  grammes,  than 
the  uitrv^geu  iu  the  tlnxl  taken,  of  course  after  deduction  of  the  nitro- 
j^'u  iu  the  raws.  This  means  that  x  grammes  of  nitrogen  have  been 
ivtaiu^Nl  iu  the  Uxiy :  aud  we  may  with  reason  infer  that  they  have 
Iveu  iv:aiut\l  iu  the  form  of  proteii  material  We  may  even  g*) 
fiuther  and  Siiv  that  thev  are  retained  in  the  form  of  flesh,  i.ft  of 
uiuselo.  hi  this  iiitVreuv.v  we  are  goiuiC  somewhat  beyond  our  tether, 
ter  the  uittv^eu  mi^h:  be  stored  up  as  hepatic,  or  splenic,  or  any 
v»tlu'r  tonii  et  j»rv»toplasui.  Indeed  ic  might  t»e  for  the  while  retained 
iu  clio  teiiu  o:'  some  '^i^rjCiUous  ervstai!iae  bodv  ;  but  this  last  event 
is  uiiLikc'.v  ;  aiid  i:  we  u>e  the  word  'ti^sh'  to  mean  protoplasm  of 

'  J'ui.  v.Vicm.  Fkanu  SuppL  :x.  IS63. 
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my  kind,  contractile  or  metabolic,  or  of  any  other  kind,  we  may  witb^ 
m%  fear  of  error  reckon  the  deficiency  of  x  grammes  nitrogen  as 
ndicating  the  storing  up  of  a  grammes  flesh.  There  stiU  remains 
0—  a  grammes  of  increase  to  be  accounted  for.  Let  us  suppose  that 
lie  total  carbon  of  the  egesta  has  been  found  to  be  y  grammes  less 
lian  that  of  the  ingesta ;  in  other  words,  that  y  grammes  of  carbon 
laye  been  stored  up.  Some  carbon  has  been  stored  up  in  the  flesh 
rith  the  nitrogen  just  considered ;  this  we  must  deduct  from  y,  and 
76  shall  then  have  y'  grammes  of  carbon  to  account  for.  Now  there 
fe  only  two  principal  forms  in  which  carbon  can  be  stored  up  in  the 
xxly :  as  glycogen  or  as  fat.  The  former  is  even  in  most  favourable 
iases  inconsiderable,  and  we  therefore  cannot  err  greatly  if  we  con- 
ider  the  retention  of  j/  grammes  carbon  as  indicating  the  laying  on 
f  h  gnunmes  fat  If  a  +  &  are  found  equal  to  w,  then  the  whole 
thange  in  the  economy  is  known ;  if  t(;  —  (a  +  6)  leaves  a  residue  c, 
re  infer  that  in  addition  to  the  laying  on  of  flesh  and  fat  some  water 
las  been  retained  in  the  system.  If  ti;  —  (a  4-  6)  gives  a  negative 
quantity,  then  water  must  have  been  given  off  at  the  same  time  that 
lesh  and  fat  were  laid  on.  In  a  similar  way  the  nature  of  a  loss  of 
reight  can  be  ascertained,  whether  of  flesh,  or  fat,  or  of  water,  and  to 
irhat  extent  of  each.  The  careful  comparison,  the  debtor  and  creditor 
locount  of  income  and  outcome,  enables  us,  with  the  cautions  rendered 
lecessary  by  the  assumptions  just  now  mentioned,  to  infer  the  nature 
ind  extent  of  the  bodily  changes.  The  results  thus  gained  ought  of 
»urse  to  agree  with  the  amount  of  oxygen  consumed,  and  if  an  ac- 
x>unt  is  kept  of  the  water,  this  also  ought  to  tally  with  the  conclu* 
ions  arrived  at  concerning  the  retention  and  the  reverse  of  water. 

Having  thus  studied  the  method  and  seen  its  weakness  as  well 
ts  its  strength,  we  may  briefly  review  the  results  which  have  been 
obtained  by  its  means. 

Nitrogenous  HetabolisnL  When  a  diet  of  lean  meat,  as  free  as 
lOBsible  uom  fat,  is  given  to  a  dog,  which  has  previously  been  de- 
nived  of  food  for  some  time,  and  whose  body  therefore  is  greatly 
leficient  in  flesh,  it  might  be  expected  that  the  great  mass  of  food 
rould  be  at  ODce  stored  up,  and  only  a  small  quantity  be  imme- 
liately  worked  off  as  an  additional  quantity  of  urea,  occasioned  by 
he  increased  labour  thrown  on  the  economy  by  the  very  presence 
f  the  food.  This  however  is  not  the  case ;  the  larger  portion  passes 
ff  as  urea  at  once,  and  only  a  comparatively  small  Quantity  is  re- 
ained.  K  the  diet  be  continued,  and  we  are  supposing  the  meals 
iven  to  be  ample  ones,  the  proportion  of  the  nitrogen  which  is  given 
ff  in  the  form  of  urea  goes  on  increasing  until  at  last  a  condition  is 
stablished  in  which  the  nitrogen  of  the  egesta  exactly  equals  that 
f  the  ingesta.  This  condition,  which  is  spoken  of  as  nitrogenous 
Qtiilibrium,  is  attained  in  dogs  with  an  exclusively  meat  diet  only 
rnen  large  quantities  of  food  are  given,  and  is  not  easily  maintained 
>r  any  length  of  time.    The  exact  quantity  of  meat  required  to 
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attain  nitrogenous  equilibrium  varies  with  the  previous  oonditum 
of  the  dog  ;  it  is  frequently  seen  when  1500  or  1800  grms.  of  meat 
are  given  daily.  Thus  the  most  striking  effect  of  a  purely  nitro- 
genous diet  is  largely  to  increase  the  nitrogenous  metabolism  of  the 
body.  This  result  can  partly  be  explained  by  the  fisict  that  with 
the  meat  diet  the  consumption  of  oxygen  is  lai]eel^  increased ;  in 
other  words,  that  the  oxidizing  activity  of  the  hcAj  is  directly  aug- 
mented by  a  meat  diet.  This  in  turn  may  be  due  in  part  to  the  fact 
that  proteid  food  largely  increases  the  number  of  the  red  corpusdei, 
and  so  augments  the  amount  of  oxygen  with  which  the  tissues  are 
supplied ;  but  probably  other  agencies  are  at  work. 

When  nitrogenous  equilibrium  is  established,  it  does  not  men 
that  a  body-equilibrium  is  established,  that  the  body-weight  neither 
increases  nor  diminishes.  On  the  contrary,  when  the  meal  nece»saij 
to  balance  the  nitrogen  is  a  large  one,  the  body  may  gain  in  weight, 
and  the  increase  is  proved,  both  by  calculation  from  the  income  and 
outcome,  and  by  actual  examination  of  the  body,  to  be  due  to  the 
laying  on  of  fat.  The  amount  so  stored  up  may  be  far  greater  than 
can  possibly  be  accounted  for  by  any  fat  still  adhering  to  the  meat 
given  as  food.  We  are  therefore  driven  to  the  conclusion  that  the 
proteid  food  is  split  into  a  urea  moiety  and  a  fatty  moiety,  that  the 
urea  moiety  is  at  once  discharged,  and  that  such  of  the  fat  as  is  not 
made  use  of  directly  by  the  body  is  stored  up  as  adipose  tissua  And 
this  disruption  of  the  proteid  food  at  the  same  time  explains  whj 
the  meat  diet  so  largely  and  immediately  increases  the  urea  of  the 
egesta.  We  have  already  pointed  out  that  possibly  this  disruptiw 
metabolism  of  proteids  is  largely  carried  on  in  the  alimentary  canal 
itself  by  the  aid  of  the  pancreatic  juice ;  whether  or  to  what  extent 
other  organs  share  in  the  action  we  do  not  at  present  know. 

Volt  and  otlicrs  with  him  speak  in  the  most  decided  way  of  the  proteidi 
of  the  body  as  existing  in  two  forms :  organ-tissue  proteid  and  circulating 
or  blood  proteid.  They  regard  the  former  as  entering  into  the  fonnatioa 
of  the  tissues  and  undergoing  functional  metabolism,  the  latter  as  simply 
tarr3ring  in  the  blood  and  undergoing  a  direct  oxidative  metabolism.  It 
is  of  course  the  latter  alone  which  suffers  the  luxus  consumption.  To 
these  two  Voit  has  been  led  to  add  a  third,  or  intermediate  proteid,  ta 
store  or  suq)lus  i)roteid,  which  is  more  labile  than  tissue  proteid  and  vet 
more  stable  than  the  circulating  proteid.  We  have  again  and  agaia 
insisted  in  the  course  of  this  work  that  the  oxidations  of  the  body  take 
])lace  not  in  the  blood  but  in  the  tissues;  and  are  consequently  J>re- 
l)ared  to  reject  Voit's  conclusions  miless  evidence  of  a  strictly  jiositive  cha- 
racter can  bo  offered  in  their  favour.  No  such  evidence  however  is  forth- 
coming' ;  th(j  most  that  can  be  said  in  favour  of  them  is  that  they  afford  »a 
easy  explanation  of  the  phenomena  of  proteid  metabolism;  on  the  other 
hand,  if  we  admit  a  large  luxus  consumption  in  the  alimentary  canal,  the 
remaining  phenomena  can  be  explained  without  tlirowing  on  the  tissues 
what  may  appear  too  heavy  a  metabolic  task.     And  in  speaking  of  the 
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letiibolism  of  any  tissue  it  mast  be  remembered  that  the  metabolic  changes 
Bed  not  necessarily  involve  the  so-called  structural  elements.  A  fat-cell 
laj  probably  accumulate  in  and  discharge  firom  its  protoplasm  a  consider- 
ble  quantity  of  &t  without  the  morphological  relations  of  the  cell  under- 
oing  any  marked  change;  and  we  can  readily  imagine  that  a  tissue  may 
aflbr  partial  disintegration  and  re-integration  without  any  interference  with 
6b  morphological  fhamework.  Our  knowledge  however  of  this  matter  is 
ery  imperfect;  we  know  that  when  a  muscle  contracts  it  loses  some  of  its 
aletance^  but  we  do  not  at  all  know  which  parts  of  the  fibre  bear  the  loss. 

The  characteristic  metabolic  effects  of  proteid  food  are  shewn  not 
Illy  by  these  calculations  of  what  is  supposed  to  take  place  in  the 
lody,  bat  also  by  direct  analysis.  Lawes  and  Gilbert  laboriously 
aalysing  the  body  of  a  pig,  which  had  been  fed  on  a  known  diet, 
nd  comparing  the  analysis  with  that  of  another  pig  of  the  same 
itier,  killed  at  the  time  when  the  first  was  put  on  the  fixed 
liet,  found  that  of  the  dry  nitrogenous  material  of  the  food  only 
'34  p.  c.  was  laid  up  as  dry  proteid  material  during  the  fattening 
leriod,  though  the  amount  of  proteid  food  was  low;  in  the  sheep  the 
Bcrease  was  only  4*14  p.  c. 

The  Effects  of  Fat^  and  of  Carbohydrate  Food«    Unlike  those 

f  proteid  food,  the  enects  of  fats  ana  carbohydrates  cannot  be 
fcadied  alone.  When  an  animal  is  fed  simply  on  non-nitrogenous 
)od,  death  soon  takes  place;  the  food  rapidly  ceases  to  be  digested, 
nd  starvation  ensues.  We  can  therefore  only  study  the  dietetic 
fleets  of  these  substances  when  taken  in  connection  with  proteid 
lateriaL 

When  a  small  quantity  of  fat  is  taken,  in  company  with  a  fixed 
Mxlerate  quantity  of  proteid  material,  the  whole  of  the  carbon  of  the 
K>d  reappears  in  the  egesta.  No  fat  is  stored  up,  some  even  of 
be  previously  existing  fat  of  the  body  may  be  consumed.  As 
l^e  &t  of  the  meal  is  increased,  a  point  is  soon  reached  at  which 
nhon  is  retained  in  the  body  as  fat.  So  also  with  starch  or  sugar. 
Hienthe  quantity  of  this  is  small,  there  is  no  retention  of  carbon; 
•  •oon  however  as  it  is  increased  beyond  a  certain  limit,  carbon  is 
tered  up  in  the  form  of  fat  or,  to  a  smaller  extent,  as  glycogen.  Fats 
^  carbohydrates  therefore  differ  essentially  from  proteid  food  in 
^  they  are  not  distinctly  provocative  of  metabolism.  This  is  ex- 
jcdingly  well  shewn  in  the  results  of  Lawes  and  Gilbert,  for  in  the 
m  previously  mentioned  472  parts  of  fat  were  stored  up  for  every 
OO  parts  of  fat  in  the  food,  and  of  the  total  dry  non-nitrogenous 
^  21*2  p.  c.  was  retained  in  the  body  as  fat.  No  clearer  proof  than 
^  could  be  afforded  that  fat  is  formed  in  the  body  out  of  something 
Ueh  is  not  fat. 

Pettenkofer  and  Yoit'  came  to  the  ccmclusion  that,  marked  as  was  the 
flerence   between  proteid  and  non-nitrogenous  food  as  regards  the  in- 

»  Phil.  Tram.  1859,  Part  2.  •  Zt.J.  Biol.  ix. 
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crease  of  metabolism^  fat  did  nevertheless  to  a  bertain  extent  behave  lOn 
proteids;  when  an  excess  of  fat  was  given  the  consnmption  of  caiixn  in 
the  body  was  increased,  so  that  only  a  portion  (though  a  laige  poctia&)  d 
the  excess  of  fat  in  the  food  was  stored  np. 

As  one  might  imagine,  the  presence  of  fat  or  carbohjrdrates  in  the 
food  was  found  to  check  proteid  metabolism;  nitrogenous  eqailibriom 
was  established  with  a  much  less  expenditure  of  proteid  food  For  in- 
stance, with  a  diet  of  800  grms.  meat  and  150  grms.  fat,  the  nitrogen 
in  the  egesta  became  equal  to  that  in  the  ingesta  in  a  dog,  in  vhoGe 
case  1800  grms.  meat  would  have  to  be  given  to  produce  the  same 
result  in  the  absence  of  fats  or  carbohydrates. 

On  the  other  hand,  it  was  found,  with  a  fixed  quantity  of  fatty  or 
carbohydrate  food,  an  increase  of  the  accompanying  proteid  led  not 
to  a  storing  up  of  the  surplus  carbon  contained  in  the  extra  quantitr 
of  proteid,  but  to  an  increase  in  the  consumption  of  carbon.  Proteid 
food  increases  not  only  proteid  but  also  non-nitrogenous  metabolim 
This  explains  how  an  excess  of  proteid  food  may,  by  the  increase  of 
metabolism,  actually  reduce  the  fat  of  the  body,  as  is  exemplified  ia 
the  dietetic  system  known  as  that  of  Mr  Banting.  This  is  intelli- 
gible  when  we  remember  that  proteid  food  largely  increaBes  tlie 
oxidations  of  the  body. 

There  can  be  no  doubt  then  that  both  a  proteid  diet  audi 
carbohydrate  diet  may  give  rise  to  the  formation  of  fat  within  tbe 
body.  And  the  question  which  we  have  already  (p.  342)  partly  dii* 
cussed  comes  again  before  us,  In  what  way  is  this  fat  so  formed!  b 
the  sugar,  arising  during  digestion  from  the  carbohydrate,  oooTeiteil 
by  a  series  of  fermentative  changes  into  fat?  or  is  the  sugar  directlf 
consumed  by  the  tissues  in  oxidative  changes,  by  which  means  tk 
fatty  derivatives  of  the  metabolized  proteids  are  sheltered  from  oxi- 
dation and  stored  up  as  fat  ?  What  light  does  the  statistical  method 
throw  on  this  vexed  question  ?  Weiske  and  Wildt*  have  attempted 
to  settle  it  They  took  two  young  pigs  of  the  same  litter ;  one  th? 
killed  and  analysed  as  a  stindard  of  comparison.  The  other  they  fol 
for  six  months  on  known  food  (chiefly  potatoes)  and  then  klDe'l 
and  analysed  it.  Supposing  that  the  fattened  pi^  had  to  start  witk 
the  same  composition  as  the  other,  they  calculated  that  it  had  stored 
up  5*5  kilos  of  fat.  During  the  six  months  it  had  consumed  U^ 
kilos  of  proteid  material,  of  which  it  had  stored  up  1*3  kilos  aod 
metabolized  13  kilos.  On  the  supposition  that  the  metabolism  of 
this  13  kilos  consisted  in  its  being  split  up  into  a  urea  and  a  &ttr 
moiety,  about  G  kilos  of  fat  would  thus  have  been  produced,  h 
other  words,  more  than  the  fat  actually  stored  up  might  have  come 
from  the  proteid  of  tlie  food.  This  of  course  does  not  prove  that  this 
was  its  actual  source ;  and  on  the  other  hand  Lawes  and  Gilberi' 
found  that  in  the  case  of  two  pigs  fed  ad  libitum  on  Indian  com  and 

*  Zt.f.Biol.:^. 
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rley-meal  respectively,  as  much  as  40  per  cent,  of  the  fat  produced 
id  stored  up  in  the  body  could  not  have  come  from  the  metabolized 
oteids  of  the  food.  In  spite  of  the  analogy  of  mammary  metabolism 
)e  p.  346),  we  may  conclude  that  some  iiat  may  come  direct  from 
rbohydrate  food. 

lawes  and  Gilbert  urge  very  justly  that  Weiske  and  Wildt^  in  the 
periment  just  quoted,  did  not  use  a  sufficiently  £sittening  diet,  and  in 
other  experiment  used  too  much  nitrogen.  They  state  that  if  a  pig  were 
1  on  a  rich  barley-meal  diet  so  that  it  doubled  its  weight  in  about  eight  or 
n  weeks,  the  amount  of  proteid  metabolized,  in  spite  of  the  diet  being 
^er  in  proteid  material  than  are  potatoes,  would  probably  be  insuffi- 
»t  to  account  for  the  &t  stored  up.  This  question  is  from  a  dietetic 
intof  view  one  of  extreme  importance;  for  if  all  stored  fat  does  come 
3m  proteid  food,  then  all  fattening  food  must  contain  a  due  proportion 
it 

We  have  at  present  no  exact  information  concerning  the  nutritive 
fferences  between  fats  and  carbohydrates,  beyond  the  fact  that  in 
16  final  combustion  of  the  two,  while  carbohydiutes  require  sufficient 
tygen  only  to  combine  with  their  carbon,  there  being  already  suffi- 
ent  oxygen  in  the  carbohydrate  itself  to  form  water  with  the  hydro- 
m  present^  fats  re(|uire  in  addition  oxygen  to  bum  off  some  of  their 
fdroeen.  Hence  m  herbivora  a  larger  portion  of  the  oxygen  con- 
imed  reappears  in  the  carbonic  acid  of  the  egesta,  than  in  camivora, 
bere  more  of  it  leaves  the  body  as  formed  water ;  the  proportions 
'  the  oxygen  in  the  carbonic  acid  expired  to  the  oxygen  consumed 
ling  on  an  average  90  p.  c.  in  the  former  and  60  p.  a  in  the  latter, 
lien  a  herbivorous  animal  starves,  it  feeds  on  its  own  fat,  and  under 
i€se  circumstances  the  oxygen  proportion  in  the  expired  carbonic 
iid  falls  to  the  carnivorous  standard.  The  carbohydrates  are  notably 
ore  digestible  than  the  fats,  but  on  the  other  hand  the  fats  contain 
ore  potential  energy  in  a  given  weight.  As  to  the  difference  be- 
reen  starch  and  sugar,  we  know  nothmg  very  definite,  and  all  carbo- 
fdrates  seem  to  he  converted  into  grape-sugar  before  entering  into 
0  blood.  Lawes  and  Gilbert^  found  that  cane-sugar  was  rather 
ore  fattening  than  starchu 

The  EflRMta^of  Gdatiiie  Food.  It  is  a  matter  of  common  experi- 
ice  that  gelatine  will  not  supply  the  place  of  proteids  as  a  constitu- 
it  of  food.  Animals  fed  on  gelatine  with  fat  or  carbohydrates  die 
ly  much  in  the  same  way  as  when  they  are  fed  on  non-nitrogenous 
iterial  alone.  Nevertheless  the  researches  of  Voit*  shew,  as  might 
expected,  that  the  presence  of  gelatine  in  food  is  not  without  effect, 
wording  to  him  nitrogenous  equilibrium  is  established  at  a  lower 
rel  of  proteid  food  when  gelatine  is  added.  Thus  the  nitrogen  of 
9  ingesta  and  egesta  became  equal  in  a  dog  on  a  ration  of  400  grms. 
3teid  and  200  grms.  gelatine.    A  dog  moreover  uses  up  less  of  the 
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nitrogen  of  the  body  on  a  diet  of  gelatine  and  fat,  than  on  a  diet  of 
fat  alone;  and  the  consumption  of  fieit  also  seems  to  be  lessened  \q 
the  presence  of  gelatine.  All  these  facts  become  intelligible  if  ve 
suppose  that  gelatine  is  rapidly  split  up  into  a  urea  and  a  fitt  moiety, 
in  the  same  way  that  we  have  seen  a  certain  quantity  of  potod 
material  to  be.  It  is  this  direct  metabolism  of  proteid  matter  whidi 
gelatine  can  take  up ;  it  seems  however  unable  to  imitate  the  other 
function  of  proteid  matter,  and  to  take  part  in  the  formation  of  living 
protoplasm.  What  is  the  cause  of  this  difference,  we  cannot  at 
present  say. 

The  Effects  of  Salts  as  Food.  All  food  contains,  besides  the 
potential  substances  which  we  have  just  studied,  certain  saline 
matters  organic  and  inorganic,  having  in  themselves  little  or  no 
latent  energy,  but  yet  either  absolutely  necessary  or  highly  beneficial 
to  the  body.  These  must  have  important  functions  in  directing  the 
metabolism  of  the  body :  the  striking  distribution  of  them  in  the 
tissues,  the  preponderance  of  sodium  and  chlorides  in  blood-senim 
and  of  potassium  and  phosphates  in  the  red  corpuscles  for  instance, 
must  have  some  meaning ;  but  at  present  we  are  in  the  dark  con- 
cerning it.  The  element  phosphorus  seems  no  less  important  from  a 
biological  point  of  view  than  carbon  or  nitrogen.  It  is  as  absolutelj 
essential  for  the  growth  of  a  lowly  being  like  Penicillium  as  for  man 
himself.  We  find  it  probably  playing  an  important  part  as  the  con- 
spicuous constituent  of  lecithin,  we  fiind  it  peculiarly  associated  with 
the  proteids,  apparently  in  the  form  of  phosphates ;  but  we  cannot 
explain  its  rdle.  The  element  sulphur,  again,  is  only  second  to  phos- 
phorus, and  we  find  it  as  a  constituent  of  nearly  all  proteids ;  but  we 
cannot  tell  what  exactly  would  happen  to  the  economy  if  all  the 
sulphur  of  the  food  were  withdrawn.  We  know  that  the  various 
saline  matters  are  essential  to  health,  that  when  they  are  not 
present  in  proper  proportions,  nutrition  is  affected,  as  is  shewn  by 
certain  forms  of  scurvy ;  we  are  aware  of  the  peculiar  dependence  m 
proteid  qualities  on  the  presence  of  salts ;  but  beyond  this  we  know 
very  little. 

Sec.  4.    The  Energy  of  the  Body. 

Broadly  speaking,  the  animal  body  is  a  machine  for  converting 
potential  into  actual  energy.  The  potential  energy  is  supphed  by 
food ;  this  the  metabolism  of  the  body  converts  into  the  actual 
energy  of  heat  and  mechanical  labour.  We  have  in  the  present  sec- 
tion to  study  what  is  known  of  the  laws  of  this  conversion,  and  of 
the  distribution  of  the  energy  set  free. 

The  Income  of  Energy. 

Neglecting  all  subsidiary  and  unimportant  sources  of  enerirv,  we 
may  say  that  the  income  of  animal  energy  consists  in  the  oxidation 
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of  food  into  its  waste  products,  viz.  the  oxidation  of  proteids  into 
urea  and  carbonic  acid,  of  fats  into  carbonic  acid  and  water,  and  of 
carbohydrates  into  carbonic  acid.  Taking  as  our  guide  the  principle 
laid  down  by  the  chemist,  that  the  potential  energy  of  any  body,  con- 
ndered  in  relation  to  any  chemical  change  in  it,  is  the  same  when  the 
final  result  is  the  same,  whether  that  result  be  gained  at  one  leap 
or  by  a  series  of  steps — that,  for  instance,  the  energy  set  free  by  the 
oxidlation  of  1  grm.  of  fat  into  carbonic  acid  and  water  is  the  same, 
whatever  the  changes  forwards  or  backwards  which  the  fat  undergoes 
before  it  finally  reaches  the  stage  of  carbonic  acid  and  water ;  and 
nmilarly,  that  the  energy  available  for  the  body  in  1  grm.  of  dry 
proteid  is  the  energy  given  out  by  the  complete  combustion  of  that 
1  grm.,  less  the  energy  given  out  by  the  complete  combustion  of  that 
quantity  of  urea  to  which  the  1  grm.  of  proteid  gives  rise  in  the 
bodv — we  may  easily  calculate  the  total  energy  of  any  diet.  Frank- 
land^  has  supplied  the  following  data,  given  both  in  gramme-degree  C 
jonits  of  heat,  and  metre-kilogramme  units  of  force. 

The  direet  oxidation  of  the 
foUowing,  dried  at  l(Xfi  G. 

1  grm.  Beef-fat 

1  grm.  Butter 

1  grm.  Arrowroot 

1  grm.  Beef-muscle  purified  with  ether 

1  grm.  Urea 

Supposing  that  all  the  nitrogen  of  proteid  food  goes  out  as  urea, 
L  grm.  of  dry  proteid,  such  as  dried  beef-muscle,  would  give  rise  to 
kbout  ^  grm.  of  urea ;  hence 

gram.-deg.       met.-1dlo. 

1  grm.  Proteid  5103            2161 

less 

}  grm.  Urea  735              311 

would  give  as  

Available  energy  of  Proteid  4368  1850 

In  a  normal  diet^  such  as  Ranke's,  p.  358,  would  be  found : 

gram.-deg.  met -kilo. 

100  grm.  Proteid  436800  185000 

100  grm.  Fat  906900  384100 

240  grm.  Starch  938880  397680 

Total  Income  2281580  966780 

in  round  numbers,  one  million  metre-kilogrammes. 

^  PhiU  Mag.  xxzu.  p.  182. 


gives 

tiie  to 

gnun.-d«g. 

met.-kiIo. 

9069 

3841 

7264 

3077 

3912 

1657 

5103 

2161 

2206 

934 
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The  Expenditure^ 

There  are  only  two  ways  in  which  energy  is  set  free  from  the 
body — mechanical  labour  and  heat.  The  body  loses  energy  in  pro- 
ducing muscular  work,  as  in  locomotion,  in  all  Kinds  of  labour,  in  the 
movements  of  the  air  in  respiration  and  speech,  and,  though  to  a 
hardly  recognisable  extent,  in  the  movements  of  the  air  or  oontignoos 
bodies  by  the  pulsations  of  the  vascular  system.  The  body  loses 
energy  in  the  form  of  heat  by  conduction,  radiation,  by  respiratioa 
and  perspiration — in  fact,  by  the  warming  of  all  the  egesta.  All  the 
internal  work  of  the  body,  all  the  mechanical  labour  of  the  intenial 
muscular  mechanisms  with  their  accompanying  friction,  all  the  mole> 
cular  labour  of  the  nervous  and  other  tissues,  is  converted  into  hett 
before  it  leaves  the  body.  The  most  intense  mental  action,  unac- 
companied by  any  muscular  manifestations,  the  most  eneigetac 
action  of  the  heart  or  of  the  bowels,  with  the  slight  exceptions  men- 
tioned above,  the  busiest  activity  of  the  secreting  or  metabolic  tis- 
sues, all  these  end  simply  in  augmenting  the  expenditure  of  income 
in  the  form  of  heat. 

A  normal  daily  expenditure  in  the  way  of  mechanical  labour 
can  be  easily  determined  by  observation.  Whether  the  work  take 
on  the  form  of  walking,  or  of  driving  a  machine,  or  of  any  kind 
of  muscular  toil,  a  good  day's  work  may  be  put  down  at  about 
150,000  metre-kilogrammes.  The  normal  daily  expenditure  in 
the  way  of  heat  cannot  be  so  readily  determined.  Direct  cakxri- 
metric  observations  are  attended  with  this  difSculty,  that  the  bodv 
while  within  the  calorimeter  is  placed  in  abnormal  conditions,  whicfl 
produce  an  abnormal  metabolism.  Hence  results  arrived  at  by  this 
method  are  of  little  value  imless  they  be  accompanied  by  a  com- 
parison of  the  egesta  and  ingesta,  so  that  the  rate  and  nature  of  the 
metabolism  going  on  may  be  known.  Many  attempts  have  been 
made  to  calculate  the  amount  in  an  indirect  manner.  As  trust- 
worthy as  any  is  the  plan  of  simply  subtracting  the  normal  daily 
mcclianical  expenditure  from  the  normal  daily  income.  Thus, 
150,000  m.-k.  subtracted  from  one  million  m.-k.  gives  850,000  ni.-k. 
as  the  daily  expenditure  in  the  form  of  heat ;  t.  e.  between  one-fiith 
and  one-sixth  of  the  total  income  is  expended  as  mechanical  labour, 
the  remaining  four-fifths  or  five-sixths  leaving  the  body  iu  the  fonn 
of  heat. 

The  Sources  of  Muscular  Energy.    Liebig,  satisfied  with  havii^ 

proved  that  the  animal  body  was  constructive  as  far  as  the  formation 
of  fat  was  concerned,  held  to  the  distinction  between  nitrogenous  or 
plastic  and  non-nitrogenous  or  respiratory  food.  Put  broadly,  his 
view  was  that  ajll  the  nitrogenous  food  went  to  build  up  the  proteid 
tissues,  the  muscular  flesh,  and  other  forms  of  protoplasm,  and  that 
the  nitrogenous  egesta  arose  solely  from  the  functional  metabolism  of 
these  tissues,  while  the  non-nitrogenous  food  was  used  with  equal 
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xcluaiveness  for  respiratory  or  calorific  purposes,  being  either  di- 
ectly  oxidised  in  the  blood,  or  if  present  in  excess,  stored  up  as 
sitty  tissue.  According  to  him  the  two  classes  of  income  corresponded 
xactly  to  the  two  forms  of  expenditure.  We  have  already  urged 
3veral  objections  against  this  view.  We  have  seen  that  in  the  blood 
;self  very  little  oxidation  takes  place,  that  it  is  the  active  tissue,  and 
ot  the  passive  blood-plasma,  which  is  the  seat  of  oxidation.  We 
aye  furmer  seen  that  proteid  food  may  undoubtedly  be  in  Liebig's 
snse  respiratory,  and  incidentally  give  rise  to  the  storing  up  of  fat. 
toe  division  of  Liebig's  view  is  thereby  overthrown.  We  have  now 
J  inquire  whether  the  other  division  holds  good,  whether  muscle  or 
ther  protoplasm  is  fed  exclusively  oh  the  proteid  material  of  food, 
nd  whether  muscular  energy  comes  exclusively  from  the  metabolism 
f  the  proteid  constituents  of  muscle.  We  have  already  seen  (p.  58) 
hat  wnen  the  muscle  itself  is  examined,  we  find  no  proof  of 
dtrogenous  waste,  but,  on  the  other  hand,  clear  evidence  of  the  pro- 
luction  of  non-nitrogenous  bodies,  such  as  carbonic  and  lactic  acid. 
N^  have  now  to  ask  the  question,  Doe's  muscular  exercise  increase 
he  urea  given  oflf  by  the  body  as  a  whole  ?  For  this,  according  to 
[iebig's  theory,  it  certainly  ought  to  do.  Conflicting  evidence  has 
>een  offered  on  this  point;  but  by  far  the  strongest  and  clearest  is 
liat  which  gives  a  negative  answer. 

In  addition  to  the  careful  observations  of  Lawes  and  Gilbert,  Edward 
Jmith,  Ranke,  Voit  and  others,  the  long-continued  and  admirable  inquiries 
if  Parkes*  are  especially  deserviog  of  attention.  This  observer  determiDed 
lOth  the  total  nitrogen  of  the  urine  and  of  the  fadoes,  bo  that  no  possible 
oarce  of  error  could  Ue  in  this  direction;  and  examined  the  effect  of  exercise, 
light  and  severe,  on  both  a  non-nitrogenous  and  on  a  mixed  nitrogenous 
liet.  He  found  no  marked  increase  in  the  urea,  but  often  a  dimiuution, 
laring  the  exercise,  though  subsequently  a  slight  increase  took  place.  This 
iler-increase  possibly  had  nothing  to  do  with  the  muscles  in  particular,  but 
fit  the  result  of  the  exercise  on  the  body  at  large. 

The  results  of  Flint',  gained  by  observations  on  a  celebrated  pedes- 
xiaD,  rather  illustrate  the  effects  of  protracted  exercise  on  general  proteid 
netabolism  imder  a  rich  diet  than  contradict  the  more  exact  inquiries  of 


More  than  this,  the  experience  of  Fick  and  Wislicenus*  lands  us 
n  an  absurdity  if  we  suppose  the  whole  energy  of  muscular  work  to 
irise  from  proteid  metabolism.  They  performed  a  certain  amount  of 
irork  (an  ascent  of  the  Faulhom)  on  a  non-nitrogenous  diet,  and 
sgUmated  the  amount  of  urea  passed  during  the  period.  Assuming 
h^  urea  to  represent  the  oxidation  of  so  much  proteid  matter,  which 
oxidation  represented  in  turn  so  much  energy  set  free,  they  found 
that  whereas  the  actual  work  done  amounted  to  129*096  and  148*656 
oaetre-kilos,  for  each  respectively,  the  total  energy  available  from 

1  Proe,  Roy.  Soc.  xv.  (1867)  p.  889 ;  xn.  p.  44 ;  zix.  p.  849;  zz.  p.  402. 

•  Joum,  AnaU  Phyt.  Vol.  xi.  (1876);  xu.  (1877). 

*  Phil.  Mao.  zxzi.  (1866)  p.  486. 
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proteid  metabolism  during  the  period  was  in  the  case  of  the  fiist 
08*69,  and  of  the  second  68*376  metre-kilos.  That  is  to  say,  the 
energy  set  free  by  the  proteid  metabolism  of  the  muscles  engaged  in 
the  work  was  at  the  most  far  less  than  that  necessary  to  acoomplish 
the  work  actually  done.  Their  muscular  energy  therefore  must  hsTe 
had  other  sources  than  proteid  metabolism. 

The  total  nitrogen  excreted  was  estimated  (A)  for  12  hoan  previmu  to 
the  commencement  of  the  labour,  (B)  for  the  period  of  the  labour,  and 
(C)  for  six  hours  succeeding  the  labour;  the  latter  in  order  that  there 
might  be  no  possible  retention  within  the  body  of  the  urea  formed  during 
the  labour  period. 


A. 
B. 
C. 
B. 

C. 


The  total  nitrogen  excreted.  Fiek. 

In  12  hours  before  the  labour 6*91  gnn. 


In  3  hours  labour , 

In  6  hours  rest  after  labour 

Corresponds  in  dry  proteid    sub-1  . 
stance  consiuned  into  urea  ) 


» 


>i 


91 


U 


3-31 
2-43 

20-98 

1619 


lindieeinB. 
6-68  gnn. 
313 
2-43 

20-89 

1611 


The  total  proteid  consumed  therefore  during) 
and  after  laboiur  was j 

The  oxidation  of  these  within  the  body  to) 
urea,  would  produce  in  metre-kilos  ... 

Whereas  the  actual  work  done  was,  also 
metre-ldlos 


3M7 
66-690 


37-00 
68-376 


129096         148-656 


The  argument  may  be  made  still  stronger  by  the  following  oonodef^^ 
tions.  A  large  internal  amount  of  muscular  energy,  that  of  the  viscal^^ 
and  respimtory  mechanisms,  did  not  appear  in  the  work  done;  being  traf^ 
Ibrmed  into  heat  before  it  left  the  body.  On  the  supposition  that  tla^ 
muscular  energy  also  arose  from  proteid  metabolism,  we  must  add  to  tf'^ 
alK)ve  estimate  of  work  done,  quantities  calculated  to  have  been  in  tiie  ca^' 
of  Fick  30,541,  of  WisHcenus  35,631,  metre-kilos,  bringing  up  the  tota3' 
to  159,G37,  and  184,287,  respectively.  But  even  this  is  not  all.  Suppooi^J 
that  the  whole  energy  set  free  by  a  muscular  contraction  arises  fro^' 
]>roteid  metabolism,  since  some  of  this  energy  goes  out  directly  as  hea^ 
we  must  add  to  the  above  estimate  of  mechanical  work,  the  work  whi^^ 
might  have  been  done  by  the  heat  given  out  at  the  same  ^me.  HeidenhsL^ 
ouloulatos  that  while  |ths  of  the  total  energy  of  the  body  takes  on  tl»^ 
form  of  heat,  the  share  of  the  energy  set  free  in  the  contraction  of  ait ^ 
iiiilividiial  muscle  which  must  be  reckoned  as  heat  amounts  to  about 
Hence  the  sums  given  above  must  be  doubled;  so  that  the  real  oontrut 
between  319,274  and  368,574  metre- kilos  of  actual  enei^  expended  <►«* 
the  one  hand  and  Gt\690  and  G8,37G  metre-kilos  of  eneigy  availaU-*^ 
through  proteid  metiibolism  on  the  other. 

That  on  the  contrary  the  production  of  carbonic  acid  is  at  OBce 
and  lan^ely  increased  by  muscular  exercise  is  beyond  all  doubt   On«? 
hours  IiurI  labour  will  increase  the  (juantity  of  carbonic  acid  giveo 
i>tVtivefoKl  within  the  hour.    And  Pottenkofer  and  Voit  found  that* 
man  in  24  hours  consumed  954gTras.  oxygen  and  produced  1284 gnns. 
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carbonic  acid  when  doing  work,  as  against  708  grms.  oxygen  consumed, 
and  911  gims.  carbonic  acid  produced,  when  remaining  at  rest,  the 
quantity  of  urea  secreted  being  in  the  first  case  37  grms.,  in  the 
second  37*2  grms. 

These  obeerrers  found  that  the  production  of  carbonic  acid  was  very 
distiactly  diminished,  and  the  consumption  of  oxygeu  increased,  daring  the 
night  as  compared  with  the  day.  Thus  the  1284*2  grms.  of  carbonic  acid 
of  the  whole  period  of  24  hours  was  furnished  by  884*6  grms.  given  out 
between  6  A.]f.  and  6  p.m.,  and  399*6  grms.  between  6  p.m.  and  6  A.M. 
Similarly,  of  the  954*5  grms.  oxygen  294*8  grms.  were  taken  in  between 
6  A.M.  and  6  p.m.,  and  659*7  grms.  between  6  p.m.  and  6  A.M.  These  figures 
very  strikingly  indicate  the  independence  of  muscidar  contraction  and 
irnmediaU  oxidation.  There  is  no  satisfactory  proof  that  the  time  of  day 
influences  either  the  production  of  carbonic  acid  or  the  consumption  of 
oxygen  otherwise  than  by  daylight  being  the  natural  time  for  work. 

It  is  evident  that  the  conclusions  arrived  at  by  the  statistical 

method  entirely  corroborate  those  gained  by  an  examination  of 

musde  itself,  viz.   that  during  muscular  contraction  an   explosive 

decomposition  takes  place,  the  non-nitrogenous  products  of  which 

^one  escape  firom  the  muscle  and  from  the  body,  any  nitrogenous 

products  which  result  being  retained  within  the  muscle.    We  must 

tterefore  reject  the  second  as  well  as  the  first  division  of  Liebig's 

yi&'w,  that  the  muscle  is  fed  exclusively  on  proteid  material,  and  that 

its  ^neigy  arises  from  proteid  metabolism. 

^\fie  must,  however,  guard  ourselves  against  rushing  into  the  extreme 

<^piz%:ion  that  a  muscle  is  simply  a  machine  for  getting  work  out  of  the 

oxicSj&tion  of  non-nitrogenous  food.     The  hypothesis  advanced  at  p.  81  con- 

^vm^.Miig  the  re-entranoe  of  the  nitrogenous  products  of  metabolism  into  the 

<^D[^X^08ition  of  the  nascent  contractile  substance,  is  undoubtedly  a  very 

Tou^^li  and  provisional  idea.     But  if  it  means  anything  it  means  this,  that 

the      decomposition  which  gives  rise  to  the  carbonic  and  lactic  acid,  is  a 

deeoitapoaition  of  the  whole  contractile  suhatance  and  not  of  any  non- 

nitroQ^ous  portion  of  it,  and  that  before  a  fresh  decomposition  can  take 

plae^c^   the  whole  complex  explosive  contractile  material  has  to  be  made 

tiM^^v,  and  not  simply  a  non-nitrogenous  gap  filled  up.     And  this  is 

l«ol3ebbly  true,  not  of  muscular  tissue  only,  but  of  all  forms  of  active 

pcetoplaam  however   otherwise  modified.     It  is,  as  we  have  seen,   not 

in  tile  case  of  muscle  alone  that  the  oxygen  disappears  into  the  molecular 

i^c^aaes  of  the  tissue  to  reappear  again  in  oxidized  products  whose  oxi- 

cka&on  does  not  take  place  at  the  moment  of  their  production.     We  have 

more  than  once  insisted  that  the  oxidations  of  the  body,  in  general  at 

^^Mt,  are  oxidations  by  the  tissues,  and  are  oxidations  in  which  the  oxygen 

i*  first  absorbed  and  made  latent  by  the  physiological  actions  of  the 

pvotoplasm.     In  the  at  present  imknown  molecular  actions,  by  which  the 

'^^  material  of  the  protoplasm  is  united  with  the  absorbed  oxygen  in  the 

ii^QfiMture  of  the  explosive  material,  nitrogenous  compounds  evidently 

play  a  peculiar  part     This  is  clearly  shewn  by  the  metabolic  activity  of 

pitied  matters  illustrated   in   the   previous   section.      Indeed  the  whole 

'wret  of  life  may  almost  be  said  to  be  wmpped  up  in  the  occult  pix)])crtic8 
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of  certain  nitrogen  compounds;  and  PflUger^  has  drawn  Bome  veiy  sngges- 
tive  comparisons  between  the  so-called  chemical  properties  of  the  cyanogea 
compounds,  and  the  so-called  vital  properties  of  protoplasm.  If  we  admit 
that  the  energy  of  muscular  contraction  (and  with  that  the  eneigf  (tf  all 
other  vital  manifestations)  arises  from  an  explosive  decomposition  of  a 
complex  substance,  which  we  may  call  real  protoplasm,  and  that  this  com- 
plex protoplasm  is  capable  of  reconstruction  within  limits  which,  as  ire 
urged  at  p.  343,  may  be  very  wide,  we  acquire  a  conception  of  physiolpgial 
processes  which,  if  not  precise  and  definite,  is  at  least  simple  and  consistent^ 
and  moreover  a  first  step  towards  a  future  molecular  physiology. 

The  Sources  and  Distribution  of  Heat.  Wherever  metabolism 
of  protoplasm  is  going  on,  heat  is  being  generated.  We  have  seen 
that  heat  is  given  out  during  muscular  contraction ;  there  is  a  similar 
development  of  heat  during  the  activity  of  the  secreting  and  of  the 
other  tissues ;  and  the  production  of  heat  continues,  though  to  a  less 
extent,  during  the  periods  of  rest  as  well  as  during  those  of  action. 
All  over  the  body  heat  is  being  set  free ;  more  abundantly  in  the 
more  active  tissues,  and  most  of  all  in  those  tissues  the  metabolism 
of  which  leads  to  little  or  no  external  work.  The  metabolism  of  the 
tissues  (including  the  blood)  and  of  the  food  within  the  alimentaiy 
canal  is  the  source  of  the  heat  of  the  body.  But  heat,  while  being 
thus  continually  produced,  is  as  continually  being  lost,  as  we  have 
seen,  by  the  skin,  the  lungs,  the  urine  and  the  faeces.  The  blood 
passing  from  one  part  of  the  body  to  the  other,  and  carrying  wannth 
from  the  tissues  where  heat  is  being  actively  generated,  to  the 
tissues  or  organs  where  heat  is  being  lost  by  conduction  or  evaponr 
tion,  tends  to  equalize  the  temperature  of  the  various  parts,  and  thus 
maintains  a  "  constant  bodily  temperature." 

When  the  production  of  heat  is  not  great  as  compared  with  the 
means  of  loss,  there  is  no  great  accumulation  of  heat  within  the  body, 
the  temperature  of  which  consequently  is  but  slightly  raised  above 
that  of  surrounding  objects.  Thus  the  temperature  of  the  frog,  for 
instance,  is  rarely  more  than  "04^  to  '05°  C.  above  that  of  the  atmo- 
sphere, though  in  the  breeding  season  the  difference  may  amount  to 
1**.  Such  animals,  and  they  comprise  all  classes  except  birds  and 
mammals,  are  spoken  of  as  cold-blooded.  Exceptions  among  them 
are  not  uncommon.  Some  fish,  such  as  the  tunny,  are  warmer  than 
the  water  in  which  they  live,  and  in  a  species  of  f  ython  (P.  bivitta- 
tus)  a  difference  of  as  much  as  12°C.  has  been  observed.  Hiiber 
found  that  in  a  beehive  the  temperature  rose  at  times  as  much  as  to 
40°  C. 

In  the  so-called  warm-blooded  animals,  birds  and  mammals,  the 
loss  and  production  of  heat  are  so  balanced  that  the  temperature  of 
the  body  remains  constant  at,  in  round  numbers,  35  or  40°  C,  what- 
ever be  the  temperature  of  the  air.  The  temperature  of  man  is  about 
376°  C. ;  in  some  birds  it  is  as  high  as  44°  C.  (Hirundo),  and  in  the 
wolf  it  is  said  to  be  as  low  as  35*24°  C.     This  temperature  is  with  slight 

1  Pflilger's  ArMv,  x.  (1875)  251. 
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Tariations  maintained  throughout  life.  After  death  the  generation  of 
heat  rapidly  diminishes,  and  the  body  speedily  becomes  cold ;  but  for 
some  short  time  immediately  following  upon  systemic  death,  a  rise  of 
temperature  may  be  observed,  due  to  the  fact  that,  while  the  meta- 
bolism of  the  tissues  is  still  going  on,  the  loss  of  heat  is  somewhat 
checked  by  the  cessation  of  the  circulation.  The  onset  of  pronounced 
rigor  mortis  causes  a  marked  accession  of  heat,  and  when  occurring 
after  certain  diseases,  may  give  rise  to  a  very  considerable  elevation 
of  temperature.  This  mean  bodily  temperature  of  warm-blooded 
animals  is,  during  health,  maintained,  with  slight  variations  of  which 
we  shall  presently  speak,  within  so  narrow  a  margin  as  2^  C,  a  fall  or 
rise  of  more  thaii  l^C.  beyond  these  limits  being  indicative  of  some 
failure  in  the  organism,  or  of  some  unusual  influence  being  at  work. 
It  is  evident,  therefore,  that  the  mechanisms  which  co-ordinate  the 
loss  with  the  production  of  heat  must  be  exceedingly  sensitive.  It  is 
obvious,  moreover,  that  these  mechanisms  may  act  when  the  bodily 
temperature  is  tending  to  rise,  by  either  checking  the  production  or 
by  augmenting  the  loss  of  heat ;  and  when  the  bodily  temperature  is 
tending  to  fall,  by  either  increasing  the  production  or  by  diminishing 
the  loss  of  heat.  As  the  regulation  of  temperature  by  variations  in 
the  loss  of  heat  is  far  better  known  than  regulation  by  variations  in 
production,  it  will  be  best  to  consider  this  first. 

Beg^tion  I17  variatioiis  in  loss.  Taking  the  body  as  a 
whole,  under  normal  conditions,  the  chief  sources  of  the  produc- 
tion of  heat  are  the  muscles  and  the  abdominal  viscera,  more 
especially  the  liver;  and  of  these  the  liver  deserves  attention, 
inasmuch  as  it  is  always  at  work,  whereas  the  heat  produced  by 
the  muscles  is  at  least  largely  dependent  on  their  contracting,  and 
they  may  remain  at  rest  for  considerable  periods.  We  find  in- 
deed that  the  blood  in  the  hepatic  veins  is  the  warmest  in  the 
body.  Heidenhain^  observed  in  the  dog  a  temperature  of  40*73^  C. 
in  the  hepatic  vein,  while  that  of  the  vena  cava  inferior  was  3835^  to 
39*58,  and  that  of  the  right  heart  37*7.  Bernard  previously  had 
found  the  blood  of  the  hepatic  vein  warmer  than  that  of  either  the 
portal  vein  or  the  aorta,  snowing  that  the  increased  temperature  is 
not  due  simply  to  the  liver  being  far  removed  from  the  surface  of  the 
body.  The  brain  too  may  be  regarded  as  a  source  of  heat,  since  its 
temperature  is  higher  than  that  of  the  arterial  blood  with  which  it  is 
supplied ;  though  from  the  smaller  quantity  of  blood  passing  through 
its  vessels  it  cannot  in  this  respect  compare  with  either  the  liver  or 
the  muscles  as  a  source  of  heat  to  the  body. 

Heat  is  lost  to  the  body  by  the  warming  of  the  foeces  and  of  the 
nrine,  by  the  warming  of  the  expired  air,  by  the  evaporation  of  the 
irater  of  respiration,  by  conduction  and  radiation  through  the  skin, 
and  by  the  evaporation  of  the  water  of  perspiration.    Helmholtz 

1  Ffltiger'8  Archiv,  m.  (1870)  p.  604. 
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has  calculated  that  the  relative  amounts  of  the  loss  by  these  several 
channels  are  as  follows : 

In  warming  the  feces  and  urine  2*6  per  cent. 
In  warming  the  expired  air  5'2  per  cent. 
In  evaporating  the  water  of  respiration  14*7  per  cent. 
In  conduction  and  radiation  and  evaporation  by  the  skin  77*5  per 
cent. 

The  two  chief  means  of  loss  then,  which  are  at  all  susceptible  of 
any  great  amount  of  variation,  and  which  can  be  used  to  regulate  tbe 
temperature  of  the  body,  are  the  skin  and  the  lungs. 

The  more  air  passes  in  and  out  of  the  lungs  in  a  given  time,  the 
greater  will  be  the  loss  in  warming  the  expired  air,  and  in  evapo- 
rating the  water  of  respiration.  And  in  such  animals  as  the  dog, 
which  do  not  perspire  freely  by  the  skin,  respiration  is  a  most  im- 
portant means  of  regulating  the  temperature  \ 

While  Bernard',  G.  Liebig',  Heidenhain  and  older  obeerversy  foand  tlie 
blood  of  the  right  heart  warmer  (from  *1  to  *3°)  than  that  of  the  Idt^ 
Ck)lin^  and  Jacobson  and  Bernhardt*  state  t&at  the  left  heart  is  wanner  or 
at  least  as  warm  as  tbe  ri^bt.  From  the  latter  observations  it  might  be 
inferred  that  the  loss  of  heat  by  respiration  is  neutralized  by  chemiaJ 
changes  going  on  in  the  lungs.  Heidenhain  and  Komer*,  however,  mika 
the  important  observation  that  the  higher  temperature  of  the  right  ventrida 
is  indef>endent  of  the  respiration,  and  they  attribute  the  diference  between 
the  two  ventricles  solely  to  the  feust  that  the  right  ventricle  lies  nearer  to 
the  abdominal  viscera,  the  high  temperature  of  which  has  already  been 
mentioned.  And  they  argue  that  the  loss  of  heat  from  tbe  body  to  the  lir 
has  been  already  achieved  before  the  inspired  air  rea<^es  the  pnlmonarf 
alveoli,  the  evaportion  of  water  taking  place  chiefly  in  the  nasal 
bronchial  passages. 

The  great  regulator  however  is  undoubtedly  the  skin.    The  more      y 
blood  passes  through  the  skin  the  greater  will  be  the  loss  of  heat  by 
conduction,  radiation,  and  evaporation.     Hence,  any  action  of  the 
vaso-motor  mechanism  which,  by  causing  dilation  of  the  cutaneous 
vascular  areas,  leads  to  a  larger  flow  of  blood  through  the  skin,  will 
tend  to  cool  the  body ;  and  conversely,  any  vaso-motbr  action  which 
by  constricting  the  cutaneous  vascular  areas,  or  by  dilating  th^ 
splanchnic  vascular  areas,  causes  a  smaller  flow  through  the  skin* 
and  a  larger  flow  of  blood  through  the  abdominal  viscera,  will  tend- 
to  heat  the  body.   If,  as  seems  probable  (see  p.  316),  there  are  spedaX 
nerves  of  perspiration,  these  will  act  directly  as  regulators  of  tempe^ 
rature,  increasing  the  loss  of  heat  when  they  promote,  and  lessening' 
the  loss  when  they  cease  to  promote,  the  secretion  of  the  skin.    Th^ 
working  of  this  heat-regulating  mechanism  is  well  seen  in  the  cas^ 

1  See  Riegel,  PflUger's  Arehiv,  v.  (1872)  651.  »  I>f.  de  Phys,  Exp,  1865. 

s  Ueber  die  Temperaturuntertchiede  det  venoien  und  arteriellen  Blute$,  Qienen,  IBS'- 
«  CompL  Rend.  lxii.  (1866)  p.  680. 
»  Cbt.  /.  Med,  WU8. 1868,  p.  643.  •  Pfliiger'a  Arehiv,  it.  (1871)  55a 
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jise.    Since  every  muscular  contraction  gives  rise  to  heat, 

must  increase  for  the  time  being  the  production  of  heat ; 

bodily  temperature  rarely  rises  so  much  as  a  degree  C,  if 

By  the  exercise  the  respiration  is  quickened,  and  the  loss 

by  the  lungs  increased.     The  circulation  of  blood  is  also 

ed,  and  the  cutaneous  vascular  areas  becoming  dilated,  a 

mount  of  blood  passes  through  the  skin.      Added  to  this, 

a  perspires  freely.    Thus  a  large  amount  of  heat  is  lost  to 

y,  sufficient  to  neutralise  the  increase  caused  by  the  mus- 

>ntraction,  the  increase  which  the  more  rapid  flow  of  blood 

the  abdominal  organs  might  tend  to  bring   about  being 

lan  sufficiently  counteracted  by  their  smaller  supply  for  the 

The  sense  of  warmth  which  is  felt  during  exercise  in  con- 

e  of  the  flushing  of  the  skin,  is  in  itself  a  token  that  a 

ve  cooling  is  being  carried  on.     In  a  similar  way  the  ap- 

\  of  external  cold  or  heat,  either  partially  or  completely, 

its  own  ends.     Under  the  influence  of  external  cold  the 

as  vessels  are  constricted,  and  the  splanchnic  vascular  areas 

so  that  the  blood  is  withdrawn  from  the  colder  and  cooling 

to   the  hotter  and  heat-producing  organs.      This  vascular 

may  produce  such  an  effect,  that  the  result  of  stripping 

1  a  cold  atmosphere  may  be  an  actual  increase  in  the  mean 

.ture  of  the  blood,  as  indicated  by  a  thermometer  placed  in 

uth.      Under  the   influence   of   external  warmth,  on    the 

and,  the  cutaneous  vessels  are  dilated,  a  rapid  discharge 

especially  by  evaporation,  takes  place ;  and  if  the  circum- 

be  such  that  the  body  can  perspire  freely,  and  the  per- 

1  be  readily  evaporated,  the  temperature  of  the  body  may 

very  near  to  the  normal,  even  in  an  excessively  hot  atmo- 

Thus,  more  than  a  century  ago,  Drs  Fordyce  and  Blagden* 

le  to  remain  with  impunity  in  a  chamber  heated  even  to 

10*^  Fahr.),  and  with  ease  in  one  so  hot,  that  it  became  painful 

Q  to  touch  the  metal  buttons  of  their  clothing.    It  is  unne- 

to  give  any  more  examples  of  this  regulation  of  temperature 

.tions  in  the  loss  of  heat;  they  all  readily  explain  themselves. 

Illation  by  variatioiis  in  production.    Much  less  satisfac- 

)ur  information  concerning  the  regulation  of  the  production 

We  can  easily  conceive  that  afferent  impulses  passing 

rtain  nerves  might  increase  the  metabolism  of  the  muscles, 

r,  and  other  organs,  and  so  lead  to  a  greater  development 

and  conversely,  that  the  failure  of  wonted  impulses  or  the 
of  inhibitory  impulses  might  diminish  metabolism  and  lower 
luction  of  heat ;  and  that  these  impulses  mieht  be  connected 
ex  manner  with  the  skin  or  other  regions.  We  can  imagine, 
the  existence  of  a  metabolic  nervous  mechanism  quite  com- 

to  the  vaso-motor  mechanism  and  to  the  various  secreting 

1  PhU.  Tram,  1775,  pp.  Ill,  481 
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nervous  mechanisms.  And  indeed  we  have  some  positive  evidence 
of  the  existence  of  such  a  mechanism ;  bat  at  present  our  know- 
ledge concerning  the  matter  is  far  from  being  complete. 

The  high  temperaiiire  of  certain  diseases  (pyrexia,  drc.)  and  the  low 
tein]>erature  of  others  (diabetes)  have  not  jet  becsi  thoronghlj  investigated ; 
but  there  is  already  sufficient  evidence  to  shew  that,  in  some  cases  at  least, 
the  phenomena  are  the  result  of  excess  or  deficiency  of  prodnctumy  and  not 
of  mere  deficiency  or  excess  of  escape. 

The  effects  of  external  cold  and  warmth  have  been  appealed  to  as 
indicative  of  variations  in  the  production  of  heat.  Thus  upon  stripping  b 
a  cold  atmosphere  or  upon  first  entering  into  a  cold  bath,  the  temperatoie 
of  the  mouth  or  rectum  rises  instead  of  fisdling.  Again  on  entering  into  a 
bath  at  blood-heat,  the  temperature  of  the  month  or  rectum  does  not,  as 
might  be  expected  from  the  diminution  of  the  loss  of  heat,  rise,  but  mar 
even  at  first  fall  slightly.  These  results  may,  it  is  true,  be  approximat«lv 
explained  on  the  gruund  that  in  the  first  case  the  constriction  of  the 
cutaneous  vessels  shuts  off  a  large  quantity  of  blood  from  the  cooling 
surfaces,  and  thus  prevents  a  loss  of  heat,  while  in  the  second  case  a  larger 
quantity  of  blood  is  hy  the  dilation  of  the  cutaneous  vessels  withdravn 
from  the  warmer  to  what  are  at  first  the  cooler  regions  of  the  body.  We 
have,  however,  experimental  evidence  that  in  mammals  external  cold  in- 
creases while  external  warmth  diminishes,  the  total  metabolism  of  the 
iHxIy :  from  which  it  may  fairly  be  inferred  that  these  agents  affsct  not 
only  the  distribution  but  the  actual  production  of  bodily  heat  Thus 
Sanders-£zn^  found  that  in  rabbits  the  production  of  carbonic  acid  vas 
iucre;iseil  by  sudden  exposure  of  the  bodily  surfiace  to  cold  and  diminished 
by  sudden  exposure  to  warmth.  Rohrig  and  Zuntz'  found  in  rabbits 
an  increase  in  both  the  carbonic  acid  produced  and  in  the  oxygen  cod- 
^umtil  to  result  from  cold  baths,  and  also  though  to  a  less  extent  firom  saline 
liaths.  Colasanti'  has  further  shewn  that  in  ginuea-pigs  cold  increases, 
in  a  very  remarkable  and  regular  manner,  both  the  production  of  carbonic 
acid  and  the  cousumption  of  oxygen.  And  since  the  ratio  of  the  ozr^ 
coiisumeil  to  the  oxygen  contained  in  the  carbonic  acid  expired  remained 
constant  during  the  experiments,  we  are  justified  in  concluding  that  the 
inciviise  in  both  was  duo  to  an  increase  of  metabolism.  A  strong  contrast 
to  the  behaviour  of  the  warm-blootled  guinea-pig,  in  which  a  fall  of  30*  C.  in 
the  surrounding  medium  actually  doubled  the  amount  of  the  metiboli^Di. 
is  affonW  by  the  cold-blx)ded  frog,  in  which,  according  to  Pfliiger  aad 
Sc»hulz*,  rej>eating  the  earlier  experiments  of  Marchand  and  Molesch^tt, 
Ci>ld  depresses  and  heat  exalts  the  metabolic  activity  of  the  tissues.  £"■ 
doutly  the  production  of  heat  is,  in  the  warm-blooded  animal,  governed  by 
a  regulative  mechanism  which  is  either  absent  or  very  feebly  developed  in 
the  oi^ld-bloode^l  auimaL 

With  re!»ai\l  to  the  exact  nature  of  this  mechanism,  the  following  fectt 
deserve  attention.  Zuntz  and  Kuhrig*  found  that  in  urari  poisoning 
t  lie  re  was  a  marked  diminution  of  the  bodily  metabolism  as  indicati?d  bj 

^  I-iulwi::'*  Arh^'itK'ti,  1S07.  '  Pflii^r's  Archir,  it.  (ISTl^  p.  57. 

'  rrtUxorV  Archiv,  XTT.  ilS77^  p.  93.      S^  also  the  subsequent  controversy  e«niw 
Oil  ill  tli»t  hikI  the  fui lowing  rolume. 
*  Trtili^vr's  An:h'n\  xiv.  (1S77»  73. 
'  i>^'.  ctf.  aud  Z\xixr.z.  Fliu^r's  .Ire Air.  xn.  (IS76)  p.  533. 
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the  quantities  of  oxygen  consnmed  and  carbonic  acid  produced ;  these 
indeed  might  &dl  to  half  the  normal.  At  the  same  time  the  bodily  tem- 
perature fell  ooniiiderably ;  and  that  this  fall  was  the  effect  and  not  the 
oanse  of  the  diminution  of  the  metabolism  was  shewn  by  the  fact  that  the 
metabolism  continued  to  diminish,  when  loss  of  heat  from  the  body  was 
prevented  by  wrappings  of  cotton  wool.  While  under  urari  too,  the  me- 
tabolic activity  was  far  less  influenced  by  cold  and  other  baths.  These 
experiments  suggest  that  when  cold  is  applied  to  the  skin,  afferent  impulses 
are  generated  which,  reaching  some  central  nervous  mechanism,  give  rise 
to  Cerent  impulses,  which  in  turn  passing  to  the  muscles,  increase  the 
metabolic  activity  of  these  organs,  and  thus  give  rise  to  an  increased  pro- 
duction of  heat.  When  the  muscular  nerves  are  paralysed  by  urari,  the 
efferent  impulses  can  no  longer  reach  the  muscles,  and  hence  no  increase 
of  metabolism  takes  place  in  them.  Pointing  in  the  same  direction,  are 
the  experiments  of  Samuel*,  who  found  that  while  rabbits  in  a  normal  con- 
dition will  bear  exposure  to  even  severe  cold  without  any  great  change  in 
their  bodily  temperature,  this  sinks  rapidly,  and  death  ensues,  when  the 
chief  muscular  parts  of  the  body  are  eliminated  from  the  total  action  of 
the  organism  by  ligature  of  all  four  arteries  of  the  limbs  or  by  section 
of  their  main  nerve-trunks ;  the  wounds  necessary  for  the  operation  pro- 
ducing of  themselves  only  a  slight  effect. 

Although  in  the  above  experiments  the  diminution  of  metabolism 
and  of  the  production  of  heat  was  coincident  with  the  absence  of  muscular 
oontractionfl,  it  is  not  absolutely  necessary  to  suppose  that  the  occur- 
rence of  contractions  is  essential  to  an  increase  in  the  production  of  heat. 
There  is  no  d  priori  reason  positively  contradicting  the  hypothesis  that 
the  metabolism  of  even  muscular  tissue  might  be  influenced  by  neivous 
or  by  other  agency  in  such  a  way  that  a  large  decomposition  of  the  muscu- 
lar substance,  productive  of  much  heat,  might  take  place  without  any  con- 
traction being  necessarily  caused.  If  we  were  to  permit  ourselves  to  sup- 
pose that  the  contractile  material  whose  metabolism  when  resulting  in  a 
oontraction  gives  rise  to  so  much  heat,  could  undergo  the  same  amount 
of  metabolism,  in  so  far  a  different  fashion,  that  all  the  energy  thereby  set 
firee  took  on  the  form  of  heat,  variations  in  the  temperature  of  the  body,  at 
present  diflicult  to  understand,  would  become  readily  intelligible. 

We  have  further  indications  of  the  existence  of  what  may  be  called 
'thermogenic'  nerves  and  thermogenic  nervous  mechanisms  in  the  variations 
of  temperature  attendant  on  section  of,  or  injury  to,  or  disease  of,  the  spinal 
oord  and  other  parts  of  the  nervous  system,  firodie'  was  one  of  the  first  to 
caU  attention  to  a  rise  of  temperature  after  injury  to  the  spinal  cord ;  in  a 
previous  memoir*  he  had  contended,  on  insufficient  groimds  it  is  true,  for  a 
direct  generation  of  heat  by  means  of  the  nervous  system.  Since  that  time 
many  cases  have  been  observed  on  the  one  hand  of  a  loweiing  and  on  the 
other  hand  of  a  rise  of  temperature  as  the  result  of  injury  to,  or  disease 
o^  the  spinal  cord,  or  other  parts  of  the  central  nervous  system.  The  ex- 
perimentEd  evidence  is  not  at  present  satisfactory.  Tscheschichin^  observed 
in  rabbits  a  fidl  of  temperature  after  section  of  the  spinal  cord,  but  a 
marked  rise  of  temperature  after  a  section  carried  through  the  junctiire  of 

^  Vther  dU  EntUhung  der  EigenwHrme  dte.  Leipzig,  1876. 

•  Med,  Chir.  Tram.  Vol  ix.  (1887)  p.  119.  •  Phil.  Trans.  1811.  1812. 

«  Da  Bois-fieymoDd's  Archiv,  18G6,  p.  151. 
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the  medulla  oblongata  and  pons  TaroliL  Nannjn  and  Qaindce\  on  tke 
contrary,  found  that,  in  dogs,  section  of  the  spinal  oord  was  followed  at  fint 
by  a  fall,  but  subsequently  by  a  rise  of  temperature,  the  Litter  being  the 
more  marked  the  higher  up  the  division  €i  the  cord,  and  reaching  u>  si 
much  as  3^  or  4^  They  explained  the  initial  fidl  as  due  to  an  incresKd 
escape  of  heat,  due  to  the  vaso-motor  paralysis^  which  the  sectioQ  caused, 
allowing  a  large  portion  of  the  blood  to  pass  through  the  cutaneous  vesBda; 
and  they  remarked  that  the  fall  was  less  the  more  rapidly  after  the 
operation  the  animal  was  surrounded  by  cotton  wool  or  like  bad  condncton 
of  heat.  The  subsequent  rise  of  temperature  they  attributed  to  an  actoil 
increased  production  which  in  time  overcame  the  increased  escape  due  to 
A-aso-motor  jiaralysis.  They  thought  that  they  had  satisfied  themselres 
that  the  rise  was  not  due  to  fever  occasioned  by  the  mere  wound,  ta 
SchrodT'  has  since  concluded.  Parinand'  linds  that  in  rablnta  aecdon  of 
the  spinal  cord  invariably  produces  a  continued  fiJI  of  tempeiatoie, 
especially  of  the  deeper  parts  of  the  body,  more  marked  in  the  paralysed 
than  in  the  non-paralysed  parts.  Tscheschichin  attributed  the  rise  which 
he  observed  after  the  section  of  the  medidla  to  the  removal  of  some 
inhibitory  action  exerted  by  the  higher  parte  of  the  brain  on  thermo- 
genic centres  lower  down.  Further  resnrches  are  needed  before  anr 
^ati^factory  conclusion  can  be  arrived  at.  Many  of  the  phenomena  obserred 
luay  undoubtedly  be  explained  by  vaso-motor  action,  by  the  derivatioa  of  a 
lars?e  quantity  of  blood  from  a  part  of  the  body  where  production  is  greater 
thau  K>3S  to  a  part  where  escape  by  conduction  or  evaporation  overcomei 
production,  or  vice  r^na.  But  even  the  iiaso-motor  problems  are  them- 
selves involved,  and  the  elaborate  researehes  of  Heidenhain^  shew  how  great 
a  caution  is  necessary  in  drawing  conclusions  from  experimente  dealing 
with  so  complicated  a  machinery  as  the  vascular  system.  This  so  carefid 
observer  found  that  the  stimulation  of  the  sensorv  nerre  of  an  animal 
(soi:itio  of  dog )  under  urari  piwiuced.  coincident  with  the  increase  of  arterial 
pressure,  a  diminution  t  as  much  as  1*  CJ  of  the  temperature  in  the  interior 
I'f  the  Uxiv,  but  that  this  fall  did  not  occur  when  the  Mim^l  was  in  a 
febrile  condition.  This  at  £rst  sight  looked  like  the  indication  of  a 
thomiotoxio  mechanism,  rendened  inactive  bv  the  condition  of  fever.  When 
liowovor  the  animal  under  unui.  but  otherwise  normal,  was  placed  in  a 
^vld  Ivith  the  fall  of  tempenk:ui>^  x>e!»Uiting  from  stimulation  of  the  sciatic 
^x'a$  greater  tha:i  unvler  the  ordinary  ciixrumstances,  and  when  it  was 
]'lAi>e\i  in  a  hot  Iv^th  the  stimulation  of  the  sciatic  caused  a  rise  instead 
i«f  a  fall  of  the  internal  tem^ierature.  Moreover,  when  a  fevered  dog 
was  ovvU\l  by  Ivicg  placed  in  a  cold  bath,  a  £all  of  temperature 
similar  to  the  normal  was  seen  to  follow  stimularion  of  the  sciatic: 
Kvjdently  the  ri?e  or  fall  in  the  several  cases  was  to  be  referred  to  the 
lVU^iitiou  of  the  cutaneous  vessels,  warm  in  the  one  case  and  cold  in  the 
^'iher.  rather  tlia:\  to  any  dii^*:  iLermvvenic  activity  of  the  nervous  tjstenu 
\\\xx  it  is  di£oul;  to  aiwuxii,  by  any  working  d  a  mere  vaso-motor 
iu«vhai\isui«  for  t:;e  u:arke\l  rise  cf  :em|vrature  often  seen  in  even  slight 
c.Hj^'^  of  spinal  ai:i^'cis^,  e^f^vially  when  the  ri^e  is  so  great  as^  even  allowing 

•  r-,:  lVi*.K^Tnoci *  X-^Ur.  1>«?9.  ^  174,  52L 

•  ( -*.' 1 1 :  f*  A*  i  ■« i  * .  A . ■/ ; i"  . :: •  :t.  1 1  ^77 1,  pp.  €3,  810. 

•  r^u^T*  jl-.-iir.  l>7o,  u;-  5C4 :  IHd.  v.  (lS72j  71m 
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•r  all  possible  errors^  it  must  have  been  in  some  of  the  cases  recorded  ^ 
'»  seems  hardly  possible  in  snch  instances  as  these  not  to  entertain  the 
ea  of  some  direct  action  of  the  nervous  system  on  heat-produdng  meta- 
iliam. 

Bernard'  feels  justified  in  speaking  most  distinctly  of  'thermogenic' 
r  'calorific'  and  of  *frigorific*  nerves,  in  complete  analogy  with  vaso-dila- 
»r  and  vaso-constrictor  nerves.  He  states*  that  after  division  of  one 
irvical  symnathetic  the  temperature  of  the  ear  of  the  side  operated  on 
nnaina  considerably  higher  than  that  of  the  other  side^  at  a  time  when 
16  increased  vascularity  has  nearly  disappeared,  thus  indicating  that  the 
rmer  is  not  wholly  dependent  on  the  latter;  and  Knock ^  confirms  this, 
emard^  also  observed,  after  division  of  the  cervical  sympathetic  on  one 
de,  that  a  stimulation  of  the  central  end  of  the  divided  auricular  nerve 
ifficiently  intense  to  give  rise  to  pain,  occasioned  on  the  side  in  which  the 
mpathetic  was  intact,  a  fall  (of  as  much  as  2^  O.)  of  temperature  in  the 
dr,  unaeccmpanied  by  any  pallor y  while  on  the  side  on  which  the  sjrmpa- 
letio  had  been  divided,  a  rise  of  temperature  was  at  the  same  time 
iserved.  That  is  to  say,  the  sensation  of  pain  gave  rise,  by  reflex  action 
iroogh  the  intact  cerviod  sympathetic,  to  a  refrigeration  of  the  ear,  with- 
it  any  vascular  diange  in  the  ear  and  in  spite  of  an  increased  tempera- 
ire  of  other  parts  of  the  body.  In  the  submaxillary  gland  he  found  that 
hile  stimulation  of  the  chorda  tympani  produced  a  rise,  stimulation  of  the 
mpathetic  produced  a  fall  of  temperature,  which  manifested  themselves, 
oagh  to  a  less  degree  than  in  normal  circumstances,  even  when  all  the 
Mflela  were  cut  or  when  the  veins  where  ligatured.  Ludwig  and  Spiess* 
kd  [Mrevioasly  shewn  that  during  stimulation  of  the  chorda  the  temperature 
'  the  saliva  excreted  might  be  1  or  1*5  degree  higher  than  that  of  the 
cxxL  in  the  carotid  artery.     If  it  could  be  shewn  that  under  stimulation 

the  sympathetic  a  corresponding  but  negative  difierence  manifested 
lel^  Bmiard's  view  that  the  sympathetic  is  par  excellence  a  frigorific 
irve,  while  the  cerebrospinal  nerves  contain  all  the  calorifacient  fibres, 
mid  receive  a  striking  confirmation.  Heidenhain's^  observations,  bow- 
er, as  far  as  they  go,  point  to  a  slight  rise  rather  than  a  fall  of  tempera- 
re  as  the  result  of  sympathetic  stimulation* 

By  regulative  mechaniBms  of  this  kind  the  temperature  of  the 
irm-blooded  animal  is  maintained  within  very  narrow  limits.  In 
dinary  health  the  temperature  of  man  varies  between  36^  and  38^ 
e  narrower  limits  being  36*25°  and  37'5^  when  the  thermometer 
placed  in  the  axilla.  In  the  mouth  the  reading  of  the  thermometer 
somewhat  (•25°  to  1*5°)  higher;  in  the  rectum  it  is  still  higher 
bout  '9°  C.)  than  in  the  mouth.  The  temperature  of  infants  and 
ildren  is  slightly  higher  and  much  more  susceptible  of  variation 
an  that  of  adults,  and  after  40  years  of  age  the  average  maximum 
mperatore  (of  health)  is  somewhat  lower  than  before  that  epoch. 

I  Ltmeet^  liareh  6, 1875.  *  ChaUur  Animale  (1876),  jpamm. 

s  Op.  eit.  p.  283. 

«  Quoted  by  Bernard  loc,  eit.    The  obeervations  of  Goltz,  see  p.  166,  on  the  foot  of 
9  dog  would  seem  to  shew  that  this  at  least  does  not  hold  good  for  the  soiatio  nerve. 
•  C^.  eU.  p.  295.  •  Wien,  SitzungtberichUt  xxy.  1857. 

f  Bretlau.  Studien,  it.  1868. 
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A  diurnal  variation,  independent  of  food  or  other  circumstances,  has 
been  observed^  the  maximum  ranging  from  9  A.M  to  6  P.K.  and  the 
minimum  from  11p.m.  to  3  a.m.  Meals  cause  sometimes  a  slight 
elevation,  sometimes  a  slight  depression,  the  direction  of  the  infla- 
ence  depending  on  the  nature  of  the  food:  alcohol  seems  always  to 
produce  a  fall.  Exercise  and  variations  of  external  temperature, 
Tvithin  ordinary  limits,  cause  very  slight  change,  on  account  of  the 
compensating  influences  which  have  been  discussed  above.  The  rise 
from  even  active  exercise  does  not  amount  to  1*  C;  when  labour  is 
carried  to  exhaustion  a  depression  of  temperature  may  be  observed. 
In  travelling  from  very  cold  to  very  hot  regions  a  variation  of  less 
than  a  degi'ee  occurs,  and  the  temperature  of  tropical  inhabitants  is 
practically  the  same  as  those  dwelling  in  arctic  regiona 

When  external  cold  or  warmth  passes  certain  limits,  or  when 
during  the  application  of  these  agents  the  regulative  mechanisms  are 
interfered  with,  the  temperature  of  the  body  may  be  lowered  or 
raised  until  death  ensues.  When  the  cold  or  warmth  applied  is  not 
very  great,  as  in  cold  and  warm  baths,  it  has  been  noticed  that  the 
temperature  is  more  easily  raised  by  warmth  than  depressed  by  ooU. 
Death  ensues  from  extreme  cold  by  a  depression  of  the  activities 
of  all  the  tissues,  more  especially  of  the  nervous ;  asphyxia  is  pro- 
duced in  animals  when  the  fall  of  temperature  is  rapid.  Puppies 
can  be  recovered  after  the  temperature  in  the  rectum  has  fallen  to 
about  4^  or  5^  C,  and  hybemating  mammals  may  be  cooled  with 
impunity  down  to  nearly  freezing  point.  Horvath*  observed  when 
external  warmth  is  brought  to  bear  on  a  mammal  in  such  a  way  as 
to  cause  a  rise  of  temperature  in  the  body,  death  ensues  when  an 
elevation  of  about  6°  or  T  C.  above  the  normal  is  reached;  and 
Bernard^  places  the  lethal  bodily  temperature  of  a  mammal  at  about 
4G^  The  exact  cause  of  the  death  has  not  been  as  yet  suflBciently 
explained.  It  cannot  be  due,  as  Bernard  suggests,  to  the  musdes 
entering  into  rigor  caloris,  for  the  animals  frequently  succumb  before 
this  takes  place.  A  high  temperature  makes  the  heart  irregular,  anJ 
finally  stops  its  beat,  but  probably  other  tissues  are  also  injuriously 
aftccted,  so  that  death  cannot  be  attributed  to  the  stoppage  of  the 
heart  alone. 

One  of  the  most  marked  phenomena  of  starvation  is  the  fall  of 
temperature,  wliich  becomes  very  rapid  during  the  last  days  of  lif<2- 
Indeed  the  low  temperature  of  the  body  is  a  powerful  factor  iii 
bringing  about  death,  for  life  may  be  much  prolonged  by  wrapping 
a  starving  animal  in  some  bad  conductor  so  as  to  economise  tU^ 
bodily  heat*. 

1  Ringer,  Troe,  Boy.  Soc,  xvir.  p.  287. 

'  Cbl.f.  Med.  Wist.  1871,  p.  613. 

^  Lcq,  8ur  la  Chaleur  Animalt\  1876. 

*  Chossat,  Rcch.  Exj).  sur  V  Inanition,  Paris,  1848. 
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Sec.  5.    The  Influence  of  the  Nervous  System  on  Nuteition. 

In  the  preceding  sections  we  had  more  than  once  to  refer  to  the 
possibility  of  the  nervous  system  having  the  power  of  directly  aflfecting 
the  metabolic  actions  of  the  body,  apart  from  any  irritable,  contractile, 
or  secretory  manifestations.  Thus  the  phenomena  of  diabetes  cannot, 
at  present  at  all  events,  be  satisfactorily  explained  as  a  purely  vaso- 
motor effect,  and  the  production  of  heat  seems  to  be  under  some 
special  guidance  of  the  nervous  system.  In  treating  of  the  salivary 
glands  we  met  with  the  striking  fact  that  when  all  the  nerves  of  the 
gland  have  been  divided,  ana  a  'paralytic'  secretion  set  up,  the 
tissue  of  the  gland  may  ultimately  degenerate.  This  result  differs 
from  the  wasting  of  a  muscle  which  follows  upon  severance  of  its 
motor  nerve,  since  this  may  be,  partly  at  all  events,  explained  by  the 
fiu;t  that  the  muscle  is  no  longer  functional ;  and  indeed,  if  the  muscle 
is  rendered  functional,  if  it  is  directly  stimulated  for  instance  from 
time  to  time  with  a  galvanic  current,  the  atrophy  may  be  postponed 
or  even  altogether  prevented.    But  the  salivary  gland  in  the  case  in 

rrtion  is  functional,  it  does  go  on  secreting ;  nevertheless  in  the 
nee  of  its  usual  nervous  guidance  its  nutrition  becomes  pro* 
foundly  affected.    We  are  not  justified  in  saying  that  in  this  case 
the  nutrition  of  the  salivary  cell  is  directly  dependent  on  the  nervous 
system,  because  all  biological  studies  teach  us  that  the  growth,  re- 
pair, and  reproduction  of  protoplasm  may  go  on  quite  independently 
of  any  nervous  system,  and  the  nutrition  of  the  nervous  system 
itself  cannot  be  dependent  on  its  action  on  itself ;  but  we  may  go 
80  far  as  to  infer  that  the  nutrition  of  the  salivary  cell  is  in  the 
complex  animal  body  so  arranged  to  meet  the  constantly  recurring 
influences  brought  to  bear  on  it  by  the  nervous  system,  that,  when 
those  influences  are  permanently  withdrawn,  it  is  thrown  out  of 
equilibrium ;  its  molecular  processes,  so  to  speak,  run  loose,  since 
the  bit  has  been  removed  from  their  mouths.    And  we  might  expect 
that  similar  instances  would  be  met  with  where  nutrition  became 
abnormal  after  the  removal  of  wonted  nervous  influencea     Such 
^^tances  indeed  are  not  uncommon ;  the  most  familiar  being  perhaps 
^e  rapid  occurrence  of  bed-sores,  in  consequence  of  injuries  to  or  of 
disease  of  the  spinal  cord  or  brain.     And  there  are  many  pathological 
piieiiomena,inflammation  itself  to  begin  with,  which  seem  inexpliaible, 
^o^pt  when  regarded  as  the  results  of  nervous  action.     In  all  these 
^^•^s^*,  however,  there  are  many  attendant  circumstances  to  be  consi- 
^G*"'^5d  before  we  can  feel  justified  in  speaking  of  any  direct  influence 
jf 't.lae  nervous  system  on  nutrition,  of  any  specific  action  of  what  have 
J^^i:i  called  'trophic*  neives.     Perhaps  the  instance  which  has  been 
"^ti  worked  out  is  the  connection  of  the  nutrition  of  the  eye  and  face 
^^li  the  fifth  or  trigeminal  nerve.     When  in  a  rabbit  the  trige- 
^^^31118  is  divided  in  the  skull  there  is  loss  of  sensation  in  those  parts 
^J tlie  face  of  which  it  is  the  sensory  nerve.     Very  soon,  withvu  VwcviVj- 
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four  hours,  the  comexi  becomes  cloudy ;  and  this  is  the  precursor  of 
an  inflammation  which  may  involve  the  ^whole  eve  and  end  in  its 
total  disorganisation.  At  the  same  time  the  nasal  chambers  of  the 
same  side  are  inflamed,  and  very  frequently  ulcers  make  their  ap- 
pearance on  the  lips  and  gums.  Seeing  how  delicate  a  structure  the 
eye  is,  and  how  carefully  it  is  protected  by  the  mechanisms  of  the 
eyelids  and  tears,  it  seems  reasonable  to  suppose  that  the  inflamma- 
tion in  question  might  simply  be  the  result  of  the  irritation  caosed 
by  dust  and  contact  with  foreign  bodies,  to  which  the  eye,  no  longer 
guided  and  protected  by  sensations,  these  being  destroyed  by  the 
section  of  the  nerve,  became  subject.  In  the  same  way  the  nlceis 
ou  the  lips  and  gums  might  be  explained  as  injuries  inflicted  by  the 
teeth  on  those  structures  in  their  insensitive  condition.  And  Snellen 
found  that  the  inflammation  of  the  eye  might  be  greatly  lessened  or 
altogether  prevented  if  the  organ  were  carefully  covered  up  and  in 
all  possible  ways  protected  from  the  irritating  influences  of  foreign 
Kxiies.  Other  observers  however  have  fisdled  to  prevent  the  inflam- 
mation in  spite  of  every  care.  This  negative  r^ult  is  in  itself  no 
strong  argument,  but  there  are  other  facts  which  seem  to  shew  that 
tiio  tissues  in  question  are,  after  section  of  the  nerves,  in  a  peculiar 
condition. 

Simrzen  found  thst  af^er  removml  of  the  soperior  cervical  sympatlietie 
pu:a;i:o:i.  ihe  indaniciatory  efVcts  of  section  of  the  trigemimis  were  reiy 
mucii  lessor.e^l.  Siziitxen's  expIanAiioo.  that  the  tissnes  of  the  &oe  become 
Ii'ss  ixrii.'^Me  ^er  removiil  of  the  ganglion,  seems,  however,  hardlj 
s.t:;>!iAc:or\'.  Aoc:rding  to  Merkel'  the  inflammatory  phenomena  depend 
ov.  :i  i\*r::.'v/.:ir  ivr:::-  of  the  L.erre  l*:nc  divided.  He  states  that  if  a 
^v::a::-.  :rac:  ,.".-j:  :he-  inner  rorier  i::  the  nerve  be  alone  cat,  there  is  do 
ivvss  of  s*.-:-.sa::.:-.  citL-.r  in  t>.r  ocmea  cr  other  parts  of  the  fkce,  but  yet 
;:.::. ■»:*.•.'". A :•■/::  vv ".■;:>  .n  as  U5-aI:  if.  en  the  other  hand,  the  whole  nerve  be 
o,-«:v:";:"/.y  v".■.^  ;.;i'.i  "a';:"r.  tie  rx:^:  u:n  cf  ?'"-'<  tzact^  no  inflammation  emnei 
:':".»\;c".  >;v.s.i:;;:;  :<  "..-i*:.  M- rk-.l  tra»«:es  the  dbre*  forming  the  inner  bordtf 
:o  ,-;  *;i«:*.^  ^.v.i-.:;.  v::r\nr.*  fr.r::  that  cf  the  rest  of  the  nerve.  If  these 
v<-^v.*:*  1v  s.vrr.-";cr.-.:v\i.  the  trtr-:  minus  mnsi  be  held  to  contain 'trophic' 

TV.o  <-,:v.ir..Vi".v  ;:'  ::.i^-:  ::-£.\n:n:5t::a  phenomena  must  there- 
*V-v  Iv  '.x::  ,it  yr:>.:.:  :::.;* i^iiii  Fcw  siinilar  cases  have  been 
olvv';\*\:,  :".^*  ■/;.;>:  >:7.k-v^  ">::"•  the  :o:\:iTt-nce  of  pneumonia  after 
>A*:"..r.  V :  /.  .^  \,*.^. ;  ^;:  :..;r:  s-.-tii-.s  t:-  :-r  lo  reason  whv  the  fifth 
v..;\,-  >■.,;•.'./.  Iv  s\  :>•..:.:;•.•.<  v.-.  y.:!S>i:S5ir^  trophic  fib4\!S.  When  the 
s.-..r.  »'  v.s':x.  . :"  :"  :  t.'^  >  ."/..I:-.'.,  n:  -utritive  alterations  beyond 
;;■.,*.<.•  X  \;.  x-,-.V  x-  ,.>  :.  ;  :\>.-/:  . :  ..vs?  .;:"  r-jncticn  are  observed;  and 
•■.-.•xw*  ;.  X*  V.-.-  .  :-.;\  .::*..;•  ,r\-;:>  ::-.  i:T:':r-,h  and  nutrition  residting 
'•.,•*.  ■,'  x^  >  v:  .  .-.  , ;  •_:'.,>.  -  :""  v;.  tv.rAlysijk.  caa  be  referred  to  the 
.  ^^ .  ■  ,  ,*  ,  ;  ■  .'  -.>...  .:..•:.•.- .-/.  A," :  /. : :  v .  r.  .v :  nircAZii tJ  in  some  cases 
>>  .  .  .;•;  ..".,  \\.  \.>,';    .V  >  yy  ;..     Ni'. ir:li^.>s  the  numerous  pheno- 
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Lena  of  disease,  joined  to  the  facts  mentioned  above,  turn  the  balance 
F  evidence  in  favour  of  the  view  that  some  more  or  less  direct  influ- 
ace  of  the  nervous  system  on  metabolic  actions,  and  so  on  nutrition, 
ill  be  established  by  future  inquiries. 

The  influence  which  light  acting  on  the  retina  appears  to  exercise  on 
le  metabolism  of  the  body  may  be  quoted  as  an  illustration  of  the  state- 
lent  just  made^ 

Sec.  6.    Diotetics. 

We  may  sum  up  the  main  results  of  the  previous  sections  some- 
what in  the  following  way.  Although  the  body  consists,  like  the 
>od,  of  proteids,  fats  and  carbohydrates,  yet  the  conversion  of  the  one 
ito  the  other  is  not  direct.  Assimilation  does  not  proceed  in  such  a 
^y  that  the  proteids  of  the  food  all  become  the  proteids  of  the  body, 
tie  fats  of  the  food  the  fats  of  the  body,  and  the  starch  and  sugar  of 
lie  food  the  glycogen,  dextrin,  and  sugar  of  the  body.  We  cannot 
ven  say  that  the  non-nitrogenous  food  supplies  alone  the  non-nitro- 
enous  parts  of  the  body,  while  the  nitrogenous  food  remains  as  the 
die  source  of  the  nitrogenous  tissues.  We  have  seen  that  under  all 
ireomstances  a  certain  quantity  of  proteid  food  is  immediately  meta- 
olized,  probably  while  still  within  the  alimentary  canal,  and  that 
rhen  an  excess  of  proteid  food  is  taken  a  luxus  consumption  leads  to 
he  accumulation  of  bodily  fat  On  the  other  hand,  we  find  that 
large  proportion  of  the  carbonic  acid  of  the  egesta  comes  from  the 
letabolism  of  nitrogenous  tissues,  such  as  muscle ;  and  we  have  had 
roof  that  the  energy  set  free  by  muscular  contraction  may  be  far 
reater  than  could  be  supplied  by  the  proteid  food  taken,  and  that 
lierefore  the  non-nitrogenous  factors  of  the  metabolism  which  set 
lee  the  energy  must  have  ultimately  come  from  non-nitrogenous 
kkL  We  have  abundant  evidence  that  the  various  food-stu£fs  be- 
tnne  more  or  less  metabolized,  and  their  elements  more  or  less 
^arranged  and  mixed  before  they  reappear  as  constituents  of  the 
odily  tissues. 

We  have  seen  that  the  oxidations  of  the  body  are,  as  in  the  case 
r  muscle,  of  a  peculiar  character,  and  carried  on  by  the  tissues  them- 
^vesL  While  at  present  we  should  be  hardly  justified  in  denying 
lat  any  oxidations  at  all  take  place  in  the  blood-plasma,  such  as  do 
scar  must  be  slight  in  amount  as  compared  with  those  going  on  in 
le  tissues.  We  might  also  say  that  one  body  only,  viz.  lactic 
ad,  presents  itself  as  a  substance  likely  to  be  directly  oxidised  in 
le  blood  itself;  and  even  with  regard  to  this  the  evidence  is  as 
loch  against  as  for  any  such  direct  oxidation  taking  place.  The 
real  mass  of  the  oxidation  of  the  body  is  of  an  indirect  kind,  deter- 
lined  by  the  activity  of  the  several  tissues.    The  blood  serves  as  an 

»  Cf.  Pflilger  and  Von  Platen,  PflUger*s  Archiv,  xi.  2C3,  272.    Fabini,  Molescbotfa 
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oxygen  carrier  for  the  tissues;  and  it  is  not  itself  the  large  combos- 
tion  agent  it  "was  once  thought  to  be.  The  tendency  of  all  recent 
inquiries  is  to  shew  that  the  body  cannot  be  compared,  either  as  a 
whole,  or  in  its  parts,  to  a  furnace  for  the  direct  combustion  of  com- 
bustible food.  On  the  contrary,  we  are  driven  nearer  and  nearer  to 
the  conclusion  that  all  food  which  has  become  absorbed  into  the 
blood  must  become  tissue  before  it  becomes  waste  product,  and  only 
becomes  waste  product  through  a  metabolism  of  the  tissue.  When 
we  say  "become  tissue"  we  must  leave  it  at  present  wholly  undecided 
how  far  the  constant  metabolism  which  this  view  demands  a£fects 
the  so-called  structural  elements  of  the  more  highly  organized  tissues; 
it  is  quite  open  however  for  us  to  imagine  that  the  ground-substance 
of  muscle,  for  instance,  might  undergo  large  and  rapid  metabohsm, 
while  the  change  of  the  sarcous  elements  or  muscle-rods  might  be 
much  Slighter  and  slower. 

The  characteristic  feature  of  proteid  food  is  that  it  increases  the 
oxidative,  metabolic  activity  of  the  tissues,  leading  to  a  rapid  con* 
sumption,  not  only  of  itself,  but  of  non-nitrogenous  food  as  velL 
Where  therefore  a  rapid  renewal  of  the  tissues  is  sought  for,  an  excess 
of  proteid  food  may  be  desirable.  But  it  must  be  borne  in  mind 
that  by  the  very  nature  of  its  rapid  metabolism,  proteid  food  must 
tend  to  load  the  body  with  the  so-called  extractives,  ie.  with  nitro- 
genous crystalline  bodies.  How  far  these  are  of  use  to  the  body,  and 
what  part  they  play,  is  at  present  unknown  to  us.  That  they  are  rf 
some  use  is  suggested  by  the  beneficial  effects  of  the  extractixm  oanu 
when  taken  as  food  in  conjunction  with  non-nitrogenous  material, 
though  it  is  possible  that  the  dietetic  value  of  this  preparation  may 
be  due  to  the  small  amount  of  non-crystalline  extractives  which  it 
contains.  That  when  in  excess  they  may  be  highly  injurious  is  in- 
dicated by  the  little  we  know  of  the  connection  between  the  symp- 
toms of  gout  and  the  presence  of  uric  acid.  A  large  meal  of  proteid 
material  must  tax  the  system  to  the  utmost  in  getting  ria  of  or 
stowing  away  the  nitrogenous  crystalline  bodies  arising  through  the 
luxus  consumption  either  in  the  alimentary  canal  or  in  the  liver. 

One  value  of  fats  and  carbohydrates  lies  in  their  being  sources  of 
energy,  more  than  three-fourths  of  the  normal  income  of  potential 
energy  coming  from  them  (p.  367) ;  and,  as  we  have  seen,  they  are 
ultimate  sources  of  muscular  energy  as  well  as  of  heat.  But  their 
great  characteristic  is  that  they  do  not,  like  proteid  food,  excite  the 
metabolic  activity  of  the  body.  Hence,  unlike  proteid  food,  they  can 
be  retained  and  stored  up  in  the  body  with  comparative  ease.  The 
iligested  elements  of  fatty  or  carbohydrate  food  which  go  to  form  the 
protoplasm  of  adipose  tissue,  become  part  and  parcel  of  a  substance 
which  can  perform  its  metiibolism  without  any  explosive  expen- 
diture of  energy,  and  which  therefore,  instead  of  giving  rise  to  booies 
demanding  immediate  excretion  :|froin  the  system,  can  deposit  it* 
metabolic  products  as  apparently  little,  but  as  we  have  seen  in  reah'ty 
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greatly,  changed  fat.     Id  this  way  the  non-nitrogenous  food  of  to- 
day is  render^  available  for  future  and  even  far  distant  wants. 

In  comparing  fats  with  carbohydrates,  we  can  only  point  to  the 
much  greater  potential  energy  of  the  former  than  of  the  latter,  weight 
Tor  weight  (see  p.  367),  and  to  the  fact  that  the  latter,  by  containing 
BO  to  speak  water  ready  formed,  and  by  thus  affording  material  for 
evaporation,  hold  within  themselves  a  means  of  getting  rid  of  some 
of  the  eneigy  which  is  set  free  by  their  metabolism,  when  that 
eneigy  takes  on  the  form  of  heat 

A  diet  may  be  chosen  either  for  the  simple  maintenance  of 
health,  or  for  the  sake  of  muscular  energy,  or  for  fattening  purposes. 
For  the  first  purpose  there  is,  we  may  suppose,  a  normal  diet;  and 
in  the  case  of  man,  instinct  has  probably  not  erred  far  in  choosing 
some  such  proportions  as  those  given  on  p.  353.  If,  as  we  have 
urged,  all  food  becomes  tissue  before  it  leaves  the  body  as  waste 
product,  the  dominant  principle  of  all  nutrition,  and  the  ultimate 
tribunal  of  all  questions  of  diet,  must  be  the  individual  character 
of  the  tissue,  the  idiosyncrasy  of  the  body.  The  same  mysterious 
qualities  which  cause  the  same  blood-plasma  to  become  here  a 
muscle,  and  there  a  secreting  cell,  convert  the  same  food  into  the 
body  of  a  man  or  of  a  sheep.  All  the  simpler  and  more  general  laws 
of  metabolism  are  made  subservient  to  more  intricate  and  special 
laws  of  protoplasmic  construction.  We  can  only  speak  of  a  normal 
diet  in  the  same  way  that  we  speak  of  the  average  intelligence  of  man. 

In  seeking  to  supply  such  a  normal  diet  out  of  ordinary  articles 
nf  food,  we  must  belar  in  mind  that  the  nutritive  value  of  any  sub- 
stance, estimated  in  terms  of  the  potential  energy  of  the  proteids,  fats 
or  carbohydrates  it  contains,  must  of  course  be  corrected  by  its 
digestibility.  One  gramme  of  cheese  has,  as  far  as  potential  energy 
is  concerned,  an  exceedingly  high  value;  but  the  indigestibility  of 
cheese  brings  its  nutritive  value  to  a  very  low  level  Here  too  the 
G^rtor  of  idiosyncrasy  makes  itself  exceedingly  felt. 

In  feeding  for  fattening  purposes  the  comparatively  cheap  carbo- 
hydrates are  of  course  chiefly  depended  on.  If  the  view  mentioned 
>n  p.  364  be  correct,  that  the  fat  really  stored  up  all  comes  from  pro- 
beid  metabolism,  an  equivalent  of  tliis  food-stuff  must  always  be 
jriven.  If,  as  seems  probable,  this  view  is  a  too  hurried  generalisa- 
ion,  there  still  remains  the  possibility  that  for  economical  fattening, 
irith  the  least  waste,  a  certain  proportion  between  the  nitrogenous 
md  non-nitrogenous  foods  must  always  be  maintained. 

From  what  has  been  previously  said  it  is  evident  that  proteid  food 
18  not  the  only  food-stuff  to  be  regarded  in  selecting  a  diet  for  mus- 
sular  labour.  We  should  however  equally  err  in  the  opposite  direction 
if  we  selected  exclusively  non-nitrogenous  food  on  which  to  do  work, 
dnoe,  as  we  have  seen,  there  is  no  evidence  that  the  fats  or  carbohy- 
drates are  the  direct,  though  they  may  be  in  part  the  ultimate  source, 
of  muscular  energy.  Considering  how  complex  a  thing  strength  is,  how 
much  it  depends  on  the  vigour  of  parts  of  the  body  other  than  the 
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muscles,  a  normal  diet,  calculated  to  develope  equally  all  parts  of  tbe 
body,  is  probably  the  best  diet  for  active  labour.  It  is  possible  how- 
ever that  an  excess  of  proteid  food,  by  reason  of  the  renewed  of  tissue 
caused  by  its  metabolic  activity,  may  be,  in  such  cases,  of  service. 

Lastly,  the  several  saline  matters,  including  the  extractives  of 
animal  and  vegetable  food,  are  no  less  essential  elements  of  a  diet 
than  proteids,  fats,  or  carbohydrates.  Of  use,  not  for  the  energy  they 
themselves  possess,  but  by  reason  of  their  regulating  the  energy  of 
the  food-stuffs  more  strictly  so  called,  they  are  necessary  to  life :  the 
body  in  their  absence  fails  to  carry  out  its  usual  metabolism,  and 
disease  if  not  death  follows. 

The  dietetic  superiority  of  fresh  meat  and  vegetables  depends  in  part 
on  their  still  retaining  these  various  saline  and  extractive  matters.  A 
diet  from  which  phosphorus  (or  even  possibly  phosphates),  or  chlorides,  or 
potash,  or  soda  salts  are  absent,  is,  as  soon  as  the  store  of  the  substance 
in  the  body  is  exhausted,  useless  for  nutritive  purposes.  Calcium  and 
magnesium  may,  to  a  certain  extent,  be  replaced  by  bases  closely  allied  to 
them;  but  the  metabolic  rdh  of  phosphorus  or  of  sulphur  cannot  be  taken 
up  by  any  analogous  body;  and,  as  is  illustrated  by  their  distribution  in 
the  body,  the  physiulogical  functions  of  potash  and  soda  are  widely  different 
if  not  antagonistic,  closely  allied  as  are  these  two  alkalis  when  regarded 
from  a  chemical  point  of  view.  Like  medicines  and  poisons — and  indeed 
they  are  in  a  manner  natural  medicines — the  action  of  these  bodies  depends 
in  part  on  their  dose.  Indispensable  as  are  potash  salts  to  the  economy,  a 
large  dose  of  them  is  injurious;  and  a  dog  fed  on  nothing  but  Idebig^s 
extract  dies  sooner  than  a  dog  not  fed  at  all,  on  account  of  the  potash 
salts  of  the  extract  exerting  their  deleterious  influence  in  the  absence  of 
the  food  whose  metabolism  their  function  is  to  direct. 

Tbe   physiology   of  nutrition  may  be  said  to  have  been  founded  br 
Liebig,  when  he  proved  the  formation  of  fat  in  the  animal  body,  and  pub- 
lished his  views  on  the  nature  and  use  of  food.     The  labours  of  Begnanlt 
and  Eeiset^  added  much  to  our  knowledge  of  the  Statistics  of  Respiration. 
The  first  elaborate  inquiry  into  the  Statistics  of  Metabolism  in  general  was 
that  of  Bidder  and  Schmidt';  this  was  followed  by  the  investigations  of 
the  Munich  school,  viz.  Bischoff,  Bischoff  and  Voit*,  Voit,  and  Pettenkofer 
and  Voit*.     Although  we  have  had  occasion  to  combat  some  of  the  views 
of  this    school,  it  must   be   admitted  that  their   extended  and  laborious 
researches  have  been  the  means  of  an  immense  advance  in  our  knowledi^e. 
Their  method  has  been  largely  adopted,  with  excellent   results,  by  tbe 
various  agricultural  stations  in  Germany ;  and  in  this  country  the  inquiries 
of  Lawes  and  Gilbert*  have  given  us  information  of  peculiarly  valuable 
character,  inasmuch  as  it  is  chieiSy  based  on  direct  analysis  and  observa- 
tion, and  therefore  free  from  the  possibilities  of  error  attaching  to  mere 
calculations.     If,  however,  one  discovery  can  be  pointed  to  as  influencins; 
our  views  of  the  nature  and  laws  of  animal  metabolism  more  than  any  other, 
it  is  that  by  Bernard",  of  the  formation  of  glycogen  by  the  liver. 

1  Ann.  Ch.  Phys,  1849  (3)  xxvi.  32. 

*  Op.  cit.  '  Op.  cit. 

*  Op.  cit.  and  many  subsequent  memoirs  in  the  Zt.  fUr  Biol, 
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CHAPTER   I. 

SENSORY  NERVES. 


rudying  the  phenomena  of  motor  nerves  we  are  greatly  assisted 
vo  facts :  First,  that  the  muscular  contraction  by  which  we  judge 
aat  is  going  on  in  the  muscle,  is  a  comparatively  simple  thing,^» 
contraction  differing  from  another  only  by  such  features  as 
lint,  rapidity,  and  frequency  of  repetition,  and  all  such  differences 
B  capable  of  exact  measurement.  Secondly,  that-  when  we  apply  a 
ulus  directly  to  the  nerve  itself,  the  effects  differ  in  degree  only 
L  those  which  result  when  the  nerve  is  set  in  action  by  natural 
uli,  such  as  the  wilL  When  we  come,  on  the  other  hand,  to»in- 
gate  the  phenomena  of  afferent  nerves,  our  labours  are  for  the 
rendered  heavier,  but  in  the  end  more  fruitful,  by  the  facts: 
**,  that  we  can  only  judge  of  what  is  going  on  in  an  afferent  nerve 
:ke  effects  it  produces  in  some  central  nervous  organ,  in  the  way 
citing  or  modifying  reflex  action,  or  modifying  automatic  action, 
Fecting  consciousness;  and  we  are  consequently  met  on  the  very 
ihold  of  every  inquiry  by  the  diflBculty  of  clearly  distinguishing 
events  which  belong  exclusively  to  the  afferent  nerve  from  those  ** 
h  belong  to  the  central  organ.  Secondly,  that  the  effects  of  ap- 
g  a  stimulus  to  the  peripheral  end-organ  of  an  afferent  nerve  arc 
different  from  those  of  applying  the  same  stimulus  directly  to  the 
i-trunk.  This  may  be  shewn  by  the  simple  experience  of  com- 
ig  the  sensation  caused  by  the  contact  with  any  sharp  bod^  of  a  ^^ 
i  laid  bare  by  a  wound  with  that  caused  by  contact  of  an  intact  •  ^  a 
with  the  same  body.  These  differences  reveal  to  us  a  complexity  ' 
pulses,  of  which  the  phenomena  of  motor  nerves  gave  us  not  so 
I  as  a  hint;  but  for  the  time  being  they  increase  the  difficulties 
r  study. 

lu  afferent  impulse  passing  along  an  afferent  nerve  may  affect 
nscious  reflex  or  automatic  action,  or  may  produce  a  change  in 
'onsciousness,  or  may  bring  about  both  results  at  the  same  time, 
afferent  nerve  the  stimulation  of  which  may  lead  to  a  modifica- 
of  consciousness  may  be  more  closely  defined  as  a 'sensory 'nerve, 
re  is  no  distinct  proof,  having  regard  to  the  difficulties  just 
tioned,  that  the  afferent  fibres  which  in  the  body  are  commonly 
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used  to  cause  or  affect  reflex  action  differ  at  all  in  kind  from  those 
whose  function  it  is  to  modify  consciousness.  On  the  oontraiy,  sach 
evidence  as  we  have  goes  to  shew  that  an  appropriate  stimulus  of  the 
same  fibre  may  give  rise  to  one  or  other  or  both  events;  and  that 
whether  the  one  or  the  other,  or  both,  events  occur  depends  on  the 
condition  of  the  central  organ,  and  on  the  relation  of  its  several  parts 
to  the  afferent  nerve.  The  stimulation  of  the  same  nerve  (and  there 
are  no  positive  facts  which  would  preclude  us  from  saying  *of  the 
same  fibre')  may  at  one  moment,  when  the  central  nervous  system 
is  intact,  give  rise  to  a  change  of  consciousness  alone,  without  the 
development  of  any  reflex  action  whatever,  and  at  another  moment, 
the  cerebrum  being  meanwhile  removed,  cause  simply  a  reflex  action. 
We  urge  this  point  here  because  we  shall  be  frequently  led  to  speak 
of  a  'sensory'  nerve  under  circumstances  where  there  is  no  evidence 
of  consciousness  being  affected ;  and  though  such  a  use  of  the  word  is 
perhaps  etymologically  incorrect,  the  convenience  of  so  nsing  it  is  & 
sufficient  excuse. 

All  the  spinal  nerves  are  mixed  nerves,  composed  of  afferent  and 
efferent,  of  motor  and  sensory  fibres.  When  a  spinal  nerve  is  divided, 
stimulation  of  the  peripheral  portion  causes  muscular  contraction,  of 
the  central  portion,  a  sensation  (or  a  reflex  action).  At  the  junction 
of  the  nerve  with  the  spinal  cord  the  sensory  fibres  are  gathered  into 
the  posterior  and  the  motor  fibres  into  the  anterior  root.  The  proof 
of  this,  which  was  first  made  known  by  Charles  Bell  and  Majendie, 
their  discoveries  forming  the  foundation  of  modern  nervous  physio- 
logy, is  simply  as  follows. 

When  the  anterior  root  is  divided,  the  muscles  supplied  by  the 
nerve  cease  to  be  thrown  into  contractions  either  by  the  will,  or  by 
reflex  action,  while  the  structures  to  which  the  nerve  is  distributed 
retain  their  sensibility.  During  the  section  of  the  root,  or  when  tiie 
proximal  stump,  that  connected  with  the  spinal  cord,  is  stimulated,  no 
sensory  effects  are  produced.  When  the  distal  stump  is  stimulated, 
the  muscles  supplied  by  the  nerve  are  thrown  into  contractions. 
When  the  posterior  root  is  divided,  the  muscles  supplied  by  the  nerve 
continue  to  be  thrown  into  action  by  an  exercise  of  the  will  or  as 
part  of  a  reflex  action,  but  the  structures  to  which  the  nerve  is  dis- 
tributed lose  the  sensibility  which  they  previously  possessed.  During 
the  section  of  the  root,  and  when  the  proximal  stump  is  stimulated, 
sensory  effects  are  produced.  When  the  distal  stump  is  stimulated 
no  movements  are  called  forth.  These  facts  demonstrate  that  sensory 
impulses  pass  exclusively  by  the  posterior  root  from  the  peripheral  to 
the  central  organs,  and  that  motor  impulses  pass  exclusively  by  the 
anterior  root  from  the  central  to  the  peripheral  organs. 

An  exception  must  be  made  to  the  above  general  statement,  on  aocooot 
of  the  so-called  recuiTent  sensibility  which  is  witnessed  in  conscioos 
mammals,  under  favourable  circumstances.  It  often  happens  that  vl^ 
the  periplieral  stump  of  the  divided  anterior  root  is  stimulated,  aigoj  ^ 
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pain  are  witnessed.  These  are  not  caused  by  the  concurrent  muscular 
contractions  or  cramp  which  the  stimulation  occasions,  for  they  remain  if 
the  whole  trunk  of  the  nerve  be  divided  some  little  way  below  the  union 
of  the  roots  above  the  origins  of  the  muscular  branches,  so  that  no  con- 
tnctions  take  place.  They  disappear  if  the  posterior  root  be  also  cut,  and 
they  are  not  seen  if  the  mixed  nerve-trunk  be  divided  close  to  the  union  of 
the  roots.  The  phenomena  are  probably  due  to  the  fact,  that  bundles  of 
sensory  fibres  of  the  posterior  root  after  running  a  short  distance  down  the 
mixed  trunk  turn  back  and  run  upwards  in  the  anterior  root,  and  by  this 
recurrent  course  give  rise  to  the  recurrent  sensibility.  When  the  anterior 
root  is  divided  some  few  fibres  in  it  do  not,  like  the  rest,  degenerate,  and 
when  the  posterior  root  is  divided,  a  few  fibres  in  the  anterior  root  are 
seen  to  degenerate  like  those  of  the  posterior  root. 


Conoeoming  the  ganglion  on  the  posterior  root,  we  may  say  defi- 
nitely that  it  is  neither  a  centre  of  reflex  nor  of  automatic  action. 
Our  knowledge  concerning  its  function  is  almost  limited  to  the  fact 
that  it  is  in  some  way  intimately  connected  with  the  nutrition  of  the 
nerve.     When  a  mixed  nerve-trunk  is  divided,  the  peripheral  portion 
degenerates  from  the  point  of  section  downwards  towards  the  peri- 
phery.    The  central  portion  does  not  so  degenerate,  and  if  the  length 
of  nerve  removed  be  not  too  great,  the  central  portion  uniting  with 
the  degenerating  peripheral  portion  may  grow  downwards,  and  thus 
regenerate   the  nerve.     This    degeneration   is   observed   when  the 
mixed  trunk  is  divided  in  any  part  of  its  course  from  the  periphery 
to  close  up  to  the  ganglion.     When  the  posterior  root  is  divided 
between  the  ganglion  and  the  spinal  cord,  the  portion  attached  to 
the  spinal  cord  degenerates,  but  that  attached  to  the  ganglion  re- 
mains  intact     When   the    anterior  root  is  divided,  the  proximal 
portion  in  connection  with  the  spinal  cord  remains  intact,  but  the 
distal  portion  between  the  section  and  the  junction  with  the  other 
n)ot  degenerates;  and  in  the  mixed  nerve- trunk  many  degenerated 
fibres  are  seen,  which,  if  they  be  carefully  traced  out,  are  found  to  be 
^otor  fibres.     If  the  posterior  root  be  divided  carefully  between  the 
ganglion  and  the  junction  with  the  anterior  root,  the  posterior  root 
^bavQ  the  section  remains  intact,  but  in  the  mixed  nerve-trunk  are 
^een  numerous  degenerated  fibres,  which  when  examined  are  found 
*o    liave  the  distribution  of  sensory  fibres.     Lastly,  if  the  posterior 
S^n^lion  be  excised,  the  whole  posterior  root  degenerates,  as  do  also 
%h^    sensory  fibres  of  the  mixed  nerve-trunk.     Putting  all  these  facts 
(ther,  it  would  seem  that  the  growth  of  the  motor  and  sensory  fibres 
place  in  opposite  directions,  and  starts  from  different  nutritive 
^f  *  ^trophic '  centres.     The  sensory  fibres  grow  away  from  the  ganglion 
^^l^^r  towards  the  periphery,  or  towards  the  spinal  cord.    The  motor 
grow  outwanls  from  the  spinal  cord  towards  the  periphery, 
difference  in  their  mode  of  nutrition  is  frequently  of  great  help 
lu  investigating  the  relative  distribution  of  motor  and  sensory  fibres. 
^^en  a  posterior  root  is  cut  beyond  the  ganglion,  or  the  ganglion 
exciaed,  all  the  sensory  nerves  degenerate,  and  the  sensory  fibres,  b^ 


392  SPIRAL  OANGLIA.  [Book  in. 

their  altered  condition,  can  readily  be  traced  in  the  mixed  nerre- 
branches.  Conversely,  when  the  anterior  roots  aie  cuty  the  motor 
fibres  alone  degenerate,  and  can  be  similarly  diagnosed  in  a  mixed 
nerve-tract.  Thus  also  in  a  mixed  nerve  like  the  vagus,  the  fibres 
which  spring  from  the  real  vagus  root  may  be  distinguished  from 
those  proceeding  from  the  spinal  accessorv,  by  section  of  the  vagos 
and  spinal  accessory  roots  respectively ;  and  in  the  mixed  vago-sympa- 
thetic  trunk,  met  with  in  many  animals,  the  vagus  fibres  may  be 
distinguished  from  the  sympathetic,  since,  after  a  section  of  the  mixed 
trunk,  the  former  degenerate  from  above  downwards,  whereas  the 
latter  degenerate  from  the  inferior  cervical  ganglion  below  upwards 
to  the  superior  cervical  ganglion  above ;  for  the  ganglia  of  the  sym- 
pathetic behave  in  this  respect  like  the  spinal  ganglia  of  the  pos- 
terior roots.  This  method  of  diagnosis  is  often  spoken  of  as  the  Wal- 
lerian  method,  after  A.  Waller,  to  whom  we  are  indebted  for  the 
discovery  of  most  of  these  facts. 

According  to  Wundt*  afferent  impulses  su£Eer  a  delay  in  passing  throngh 
the  spinal  ganglia,  reflex  acts  having  a  markedly  shorter  latent  period 
wlien  they  are  initiated  by  a  stimulus  applied  to  the  posterior  root  than 
when  the  stimulus  is  applied  to  the  mixed  nerve-trunk  just  below  the 
ganglion. 

In  the  cranial  nerves  the  motor  and  sensory  tracts  are  &r  less 
mixed  than  in  the  spinal  nerves.     The  olfactory,  optic  and  acoustic 
nerves  are  purely  sensory  nerves.     The  fifth,  glosso-pharyngeal  and 
vagus  are  mixed  nerves.     The  facial  and  hypoglossal  are  for  the  most 
part  motor  (efferent)  nerves,  but  contain  sensory  fibres.     The  third, 
fourth,  sixth  and  spinal  accessory  are  exclusively  motor  (efferent) 
nerves.     These  statements  refer  to  what  are  commonly  looked  upon 
as  the  trunks  of  the  respective  ner\'es.     More  exactly  speaking,  the 
sensory  fibres  of  the  facial  come  from  the  fifth,  pneumogastric  and 
glosso-pharyngeal  nerves,  so  that  the  facial  proper  is  in  reality  a 
purely  motor  nerve.     So  likewise  is  the  hypoglossal,  its  sensory  fibres 
coming   from   the   fifth,   pneumogastric,   and    three   upper  cervical 
nerves.     The  fifth  is  a  mixed  nerve  entirely  on  the  plan  of  a  spinal 
nerve,  having  distinct  motor  and  sensory  roots.     The  glosso-pharyn- 
geal seems  also  to  be  essentially  a  sensory  nerve,  its  motor  filaments 
springing  from  the  fifth  and  facial  nerves.     Concerning  the  vagos 
some  have  maintained  that  the  pneumogastric  root  proper  is  entinJj 
sensory  (afferent),  and  that  all  the  efferent  functions  of  the  vagus  an- 
dependent  on  the  fibres  of  the  spinal  accessory  which  join  it  T<* 
this  point  we  shall  return  when  we  come  to  consider  briefly  the 
special  functions  of  these  several  nerves. 

We  have  already  stated  (p.  87)  that  isolated  pieces  of  motor  an<i 
of  sensory  nerves  behave  exactly  alike  as  far  as  all  the  physical  mani- 
festations attendant  on  the  passage  of  a  nervous  impulse  are  concerned. 

• 

1  Mcchanik  der  Nerven.  (1876),  'Ite  Abth.  p.  45. 
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ie  same  is  also  true,  as  far  as  we  know,  of  nerves  within  the  body. 
lis,  taken  inio  consideration  with  the  facts  just  mentioned  con- 
ming  the  regeneration  of  nerves,  suggests  the  inquiry  whether  by 
change  of  the  peripheral  or  central  organs  a  motor  nerve  can  be 
nverted  into  a  sensory  nerve,  or  vice  versa.  Experiments  made  with 
view  of  obtaining  a  functional  union  between  purely  motor  and 
nsory  nerves  have,  in  the  hands  of  most  observers  (Flourens, 
idder,  Schiff,  &c.),  failed;  and  though  Philipeaux  and  Vulpian*  were 
far  more  successful,  that  they  obtained  an  apparent  union  between 
sensory  and  a  motor  nerve-trunk,  their  results  do  not  prove  that  a 
)re,  which  is  ordinarily  a  purely  sensory,  may  act  as  a  motor  fibre, 
id  vice  versa. 

These  observers,  having  in  young  dogs  divided  the  hypoglossal  nerve 
.d  removed  its  central  portion  as  completely  as  possible,  united  by  fine 
tares  its  peripheral  ^id  with  the  central  portion  of  the  lingual  of  the 
me  side,  having  similarly  removed  from  this  the  peripheral  portion, 
lus  the  central  lingual  was  united  with  the  peripheral  hypoglossal.  Com- 
ete  union  took  place,  and  it  was  found  that,  after  some  weeks,  the  por- 
>Q  of  nerve  between  the  tongue  and  the  point  of  union,  i,e,  the  part  which 
A  previously  been  the  peripheml  hypoglossal,  was  in  a  sound  and  healthy 
ndition.  Stimulation  of  the  central  parts  of  the  lingual  nerve  above  the 
int  of  union  produced  contractions  in  the  tongue  of  that  side,  whether 
e  stimulus  wei*e  electrical  or  mechanical;  and  the  contractions  were 
ill  visible  when  the  lingual,  in  order  to  preclude  any  reflex  action,  was 
vided  high  up  previous  to  stimulation.  Here  the  sensory  lingual  was 
idently  the  means  of  causing  motor  effects.  It  must  be  i*emembered, 
twever,  that  this  is  not  a  case  of  the  union  of  motor  and  sensory  fibres. 
le  peripheral  portion  of  the  hypoglossal  in  reality  became  wholly  degene- 
ted,  and  the  portion  of  nerve  which  apparently  was  hypoglossal  nerve,  was 
truth  new  nerve  produced  by  a  downward  growth  of  the  linguaL  If  any 
al  union  took  place  it  must  have  been  between  the  lingual  fibres  and  the 
id-plates  of  the  glossal  muscular  fibres.  The  force  of  this  experiment  is 
oreover  leasened  by  the  fact,  that  when  the  hypoglossal  is  simply  removed, 
*  a  large  piece  of  the  nerve  cut  out,  so  that  the  peripheral  portions  degene- 
ite,  stimulation  of  the  lingual  nerve  of  the  same  side  causes  movements 
r  the  tongue',  though  when  the  hypoglossal  is  intact,  stimulation  of  the 
Bgual  produces  no  such  efi*ect.  The  explanation  of  this  result  is  not 
bvious.  Similar  but  less  satisfactory  experiments  were  made  on  the  union 
f  the  vagus  and  hypoglossal. 

The  rate  at  which  nervous  impulses  travel  appears  to  be  about 
ie  same  in  motor  aod  sensory  nerves.  We  have  seen  that  the  ve- 
►citj  of  a  nervous  impulse  in  the  motor  nerve  of  a  frog  is  about  28 
letres  per  sec.  The  velocity  of  a  motor  impulse  in  man,  as  judged 
T  the  difference  of  the  latent  period  of  the  contraction  of  the  thumb- 
uscles  when  stimulation  is  brought  to  bear  on  the  motor  nerve  at 
e  wrist,  or  high  up  in  the  arm,  is  about  83  metres  per  sec. 
i   warm-blooded  animals,    however,    the   rate   of  transmission   of 

*  Valpian,  Le^.  SijsUm  New.  274.  •  BrUcke,  VorUsung.  n.  22, 
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motor  impulses  is  very  variable,  being  in  particular  closely  dependent 
on  temperature,  and  probably  also  on  other  circamttances.  Thus, 
Helmholtz  and  Baxt^  obtained  a  range  from  as  low  as  30  m.  when  the 
ami  was  cooled  to  as  high  as  89*4  m.  when  the  arm  was  heated.  The 
velocity  of  a  sensory  impulse  is  estimated  by  measuring  the  time 
taken  between  a  stimuhis  being  brought  to  bear  on  some  sentient 
surface,  as  the  skin,  and  the  making  of  a  signal  by  the  individual 
experimented  on  at  the  instant  that  he  feels  the  stimulus.  The  time 
taken  up  in  the  sensory  impulse  becoming  converted  into  a  sensation 
after  reaching  the  nervous  central  organs,  in  the  mental  operation 
of  determining  to  make  the  signal,  and  in  the  beginning  to  make 
the  signal,  corresponds  in  a  way  to  the  purely  muscidar  portion  of 
the  latent  period  in  the  experiment  for  determining  the  velocity 
of  a  motor  impulse.  The  application  of  the  stimulus  and  the  making 
of  the  signal  {ex.  gr.  closing  a  galvanic  circuit)  being  both  recorded 
on  a  rapidly  travelling  surface,  the  time  taken  up  in  the  whole  opera- 
tion can  bo  easily  measured ;  and  the  difference  between  the  time 
taken  when  the  stimulus  is  applied  to  some  spot  separated  from  the 
central  nervous  system  by  a  short  piece  of  nerve,  ex,  gr.  the  top  of 
the  thigh,  and  that  taken  when  a  long  piece  of  nerve  intervenes,  ftr.  <^. 
when  the  stimulus  is  applied  to  the  toe,  will  ^ve  the  time  required 
for  the  sensory  impulse  to  pass  along  a  piece  of  sensory  nerve  as 
long  as  the  difference  of  length  between  the  above  two  nerves;  from 
which  the  velocitv  can  be  calculated.    Observations  carried  on  in  this 

m 

way  led  to  most  discordant  results,  varying  from  26  metres  to 
94  metres,  or  even  more  per  sec.  The  difference  here  is  far  too  great 
to  allow  any  value  to  be  attached  to  an  average.  When  it  is  re- 
inembere^l  how  complex  are  all  the  central  nervous  operations  in 
those  iustjmces,  as  compared  with  the  changes  going  on  in  a  muscle 
iluring  the  latent  period  of  its  contraction,  and  how  these  central 
ojK»rations  might  vary  according  as  one  or  other  spot  of  skin  was 
stimulatod.  nuite  inJej^endently  of  the  length  of  nerve  between  the 
ivutro  anvl  the  spot  stimulated,  these  discrepancies  will  not  be  won- 
ilort\l  at ;  and  it  mav  fairlv  be  concluded  that  the  velocitv  of  a  sen- 
sorv  impulse.*  does  not  matorially  differ  from  that  of  a  motor  impulse. 

Wo  have  already  seen  (p.  85)  that  a  sensory  nerve  in  its  simplest— 
fonu  may  Iv  r^^iranled  as  a  stnmd  of  eminently  irritable  protoplasm, 
tormiug  a  link  Iviweon  a  superficial  cell  which  alone  is  subject  t<^" 
t^xtrinsiv*  stiuiuli.  and  a  central  ^reflex  or  automatic)  cell  which  re^ 
ivivos  stinxuU  chietly  in  the  form  of  ner\'0U3  impulses  proceedinff 
U\nu  the  foruxor  alouij  the  connectinsj  strand.  In  the  earlie^ 
staij>*s  of  I  ho  doYoIopment  of  a  sensory  ner\"ous  system,  the  supe^ 
tioial  sonsv^rv  ivll  is  susceptible  of  stimuli  of  aU  kinds,  provide** 
ihov  *a\>  sutKoionily  strong :  and  probably  all  the  impulses  whip** 
it  transmits  to  the  ivutnU  cell  resemble  each  other  very  closely,  di*^ 
firing  oulv  iu  iiogrvv.    It  is  obvious  however  that  the  economy  woul«^ 
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gain  by  a  further  division  of  labour,  by  a  differentiation  of  the  simple 
uniform  superficial  cell  into  a  number  of  cells,  each  of  which  was 
more  susceptible  to  particular  stimuli  than  its  fellows.  Thus  one 
cell,  or  rather  one  group  of  cells,  would  become  eminently  susceptible 
to  the  influence  of  light :  in  them  the  impact  of  rays  of  light  would 
give  rise  to  nervous  impulses  more  readily  than  in  the  other  groups  ; 
another  group  would  develope  a  sensitiveness  to  waves  of  sound,  and 
BO  on.  In  this  way  the  primary  homogeneous  bodily  surface  would 
be  differentiated  into  a  series  of  sense-orgaiis,  disposed  and  arranged 
among  ectodermic  cells,  the  purpose  of  the  latter  being  simply  pro- 
tective, and  therefore  not  demanding  the  existence  of  any  direct 
connection  with  the  central  nervous  system.  Similar  but  less  highly 
marked  differentiations  would  be  established  in  the  endings  of  the 
afferent  nerves  connecting  the  central  nervous  system  with  the  in- 
ternal surfaces  and  parts  of  the  body. 

Moreover  it  is  obvious  that  the  sensory  impulses  transmitted  to 
the  central  nervous  system  by  these  differentiated  sense-organs  would 
be  themselves  largely  differentiated.  Just  as  the  impulses  which 
pass  along  a  motor  nerve  differ  accordiug  to  the  nature  of  the  stimulus 
which  is  applied  to  the  nerve  (whether,  for  instance,  the  stimulus  be 
a  smgle  induction-shock,  or  several  shocks  repeated  slowly,  or  several 
shocks  repeated  rapidly,  and  so  on,  the  effect  on  the  muscle  being  in 
each  case  a  different  one),  so  to  a  much  greater  degree  the  impulses 
generated  by  light  in  a  visual  sense-organ  must  naturally  differ  from 
those  generated  by  simple  pressure  in  a  tactile  sense-organ. 

And  since  these  various  sensory  impulses  have  much  work  to 

perform  on  arriving  at  the  central  nervous  system,  in  the  way  of 

Affecting  consciousness,  and  influencing  the  multitudinous  molecular 

operations  going  on  in  the  central  cells,  this  differentiation  of  sensory 

or»ui8  and   sensory  impulses  is  accompanied  by  a  corresponding 

differentiation  of  those  central  cells  which  the  impulses  are  the  first 

to  reach  on  arriving  at  the  central  organ.    Those  cells,  for  instance,  of 

the  oentral  nervous  system,  which  first  receive  the  particular  nervous 

imptilses  coming  from  the  visual  sense-organs,  will  be  set  apart  for 

the   ^ask  of  so  modifying  and  preparing  those  impulses  as  to  adapt 

^^orv  in  the  best  possible  way  for  the  work  which  they  have  to  do. 

Hence  each  peripheral  sense-organ  will  be  united  by  means  of  its 

'^u'^^  with  a  corresponding  central  sense-organ,  the  former  being 

*ble  to  affect  other  parts  of  the  central  nervous  system  only  through 

the   medium  of  the  latter.     This  at  least  we  know  to  bo  the  case  as 

^^  ^«  relates  to  all  the  central  nervous  operations  in  which  conscious- 

is  concerned ;  for  of  the  total  characters  which  belong  to  an 

•ion  of  consciousness  by  means  of  any  of  the  sense-organs,  t.  e. 

^  ii  belong  to  any  particular  sensations,  while  some  are  gained 

\f^^  the  rise  of  the  sensory  impulses  in  the  peripheral  sense-organ, 

^ttiers  first  appear  in  the  central  sense-organ  during  the  conversion  of 

^Q  impulses  mto  a  sensation.    Thus  a  stimulus  of  any  kind  applied 

^  the  optic  nerve  along  any  part  of  its  course  gives  rise  to  a  sensa 
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tion  of  ligbt,  and  precisely  the  same  stimnlus  applied  to  the  aconstic 
nerve  along  any  part  of  its  course  gives  rise  to  a  sensation  of  sound; 
and  so  on.  All  the  evidence  we  possess  goes  against  the  view  that  an 
isolated  piece  of  optic  nerve  differs  in  fiinction  from  a  similarly  iso- 
lated piece  of  acoustic  nerve ;  such  facts  as  are  within  our  knowledge 
go  to  shew  that  the  disturbances  generated  in  a  piece  of  optic  nerve 
by  a  galvanic  current  are  the  same  as  those  generated  in  a  piece  of 
acoustic  nerve.  We  are  therefore  driven  to  the  conclusion  that  the 
difference  in  this  case  arises  in  the  central  organsL 

In  all  these  differentiated  sensory  mechanisms,  or  special  senses 
as  they  are  called,  we  have  then  to  deal  with  two  elements:  the 
peripheral  sense-organ,  in  which  we  have  to  study  how  the  special 
physical  agent  gives  rise  to  special  sensory  impulses ;  and  the  central 
sense-organs,  in  which  our  study  is  confined  to  the  manner  in  which 
these  special  impulses  affect  consciousness  or  otherwise  modify  the 
operations  of  the  central  nervous  system.  Inasmuch  as  in  a  norm^ 
body  the  peripheral  organ  remains  in  connection  with  the  central 
organ,  and  our  study  of  the  special  senses  is  carried  on  chiefly  by  sob- 
jective  observations  in  which  we  make  use  of  our  own  consciousness, 
it  frequently  becomes  very  difficult  to  distinguish  in  any  giren 
sensation  the  peripheral  from  the  central  element.  The  two  become 
more  distinct,  the  more  complex  the  sense  and  the  more  highly 
organised  the  sense-organs.  For  this  reason  it  will  be  most  con- 
venient to  commence  our  study  of  the  special  senses  with  the  sense 
of  vision. 


I 


CHAPTER  11. 
SIGHT. 

of  light  falling  on  the  retina  gives  rise  to  what  we  call  a 
ion  of  light ;  but  in  order  that  distinct  vision  of  any  object  may 
ned,  an  image  of  the  object  must  be  formed  on  the  retina,  and 
3tter  defined  the  image  the  more  distinct  will  be  the  vision. 
\  in  studying  the  physiology  of  vision,  our  first  duty  is  to  ex- 

into  the  arrangements  by  which  the  formation  of  a  satisfactory 
on  the  retina  is  effected ;  these  we  may  call  briefly  the  dioptric 
jiisms.  We  shall  then  have  to  inquire  into  the  laws  according 
ich  rays  of  light  impinging  on  the  retina  give  rise  to  sensory 
368,  and  those  according  to  which  the  impulses  thus  generated 
ise  in  turn  to  sensations.  Here  we  shall  come  upon  the  diffi- 
of  distinguishing  between  the  unconscious  or  physical  and  the 
ous  or  psychical  factors.  And  we  shall  find  our  difficulties 
sed  by  the  fact,  that  in  appealing  to  our  own  consciousness  we 
)t  to  fall  into  error  by  confounding  primary  and  direct  sensa- 
^ith  states  of  consciousness  which  are  produced  by  the  weaving 
^e  primary  sensations  with  other  operations  of  the  centrsd 
IS  system,  or,  in  familiar  language,  by  confounding  what  we 
ith  what  we  think  we  see.  These  two  things  we  will  briefly 
ruish  as  visual  sensations  and  visual  judgments ;  and  we  shall 
hat  both  in  vision  with  one  eye,  but  more  especially  in  bino- 
vision,  visual  judgments  form  a  very  large  part  of  what  we 
ntly  speak  of  as  our  sight. 


Sec.  1.    Dioptric  Mechanisms. 


The  Formation  of  the  Image. 


i6  eye  is  a  camera,  consisting  of  a  series  of  lenses  and  media 
;ed  in  a  dark  chamber,  the  iris  serving  as  a  diaphragm ;  and 
ject  of  the  apparatus  is  to  form  on  the  retina  a  distinct  image 
emal  objects.  That  a  distinct  image  is  formed  on  the  retina, 
«  ascertained  by  removing  the  sclerotic  from  the  back  of  an 
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eye,  and  looking  at  the  hinder  surface  of  the  transparent  retins 
while  rays  of  light  proceeding  from  any  external  object  are  allowed 
to  fall  on  the  cornea. 

A  dioptric  apparatus  in  its  simplest  form  consists  of  two  media 
separated  by  a  (spherical)  surface ;  and  the  optical  properties  of  such 
an  apparatus  depend  upon  (1)  the  curvature  of  the  surface,  (2)  the 
relative  refractive  power  of  the  media.  The  eye  consists  of  several 
media,  bounded  by  surfaces  which  are  approximately  spherical  bat  <^ 
different  curxature.  The  surfaces  are  all  centred  on  a  line  called  the 
optic  axis,  which  meets  the  retina  at  a  point  somewhat  above  and  to 
the  inner  (nasal)  side  of  the  fovea  centralis.  In  passing  from  the 
outer  surface  of  the  cornea  to  the  retina  the  rays  of  light  traverse 
in  succession  the  cornea,  the  aqueous  humour,  the  lens  and  the 
vitreous  humour.  Refraction  takes  place  at  all  the  surfiEu^es  bounding 
these  several  media,  but  particularly  at  the  anterior  surface  of  the 
cornea,  and  at  both  the  anterior  and  posterior  surfaces  of  the  lens. 
Since  the  anterior  and  posterior  surfaces  of  the  cornea  are  parallel,  or 
very  nearly  so,  the  rays  of  light  would  suffer  little  or  no  change  of 
direction  in  passing  through  the  cornea,  if  it  were  bounded  on  both 
sides  by  the  same  medium.  The  direction  of  the  rays  of  light  in  the 
aqueous  humour  would  therefore  remain  the  same  if  the  cornea  were 
made  exceedingly  thin,  if  in  fact  its  two  surfaces  were  made  into 
one,  forming  a  single  anterior  surface  to  the  aqueous  humour ;  or, 
which  comes  to  the  same  thing  in  the  end,  since  the  refractive  power 
of  the  substance  of  the  cornea  is  almost  exactly  the  same  as  that  of 
the  aqueous  humour,  the  refraction  at  the  posterior  surface  of  the 
cornea  may  be  neglected  altogether.  Thus  the  two  surfaces  of  the 
cornea  are  practically  reduced  to  one.  The  lens  varies  in  density  in 
different  parts,  the  refractive  power  of  the  central  portions  being 
greater  than  that  of  the  external  layers ;  but  the  refractive  power  ot 
the  whole  may,  without  any  serious  error,  be  assumed  to  be  unifoim, 
a  mean  being  taken  between  the  refractive  powers  of  the  several 
parts.  The  refractive  power  of  the  vitreous  humour  is  almost  ex- 
actly the  same  as  that  of  the  aqueous  humour. 

Thus  the  apparently  complicated  natural  eye  may  be  simplified 
into  a  '  diaj^amraatic  eye,'  in  which  the  refracting  surfaces  are  re- 
duced to  three,  viz.  (1)  the  anterior  surface  of  the  cornea,  (2)  the 
anterior  surface  of  the  lens  separating  the  lens  from  the  aqueous 
humour,  and  (3)  the  posterior  surface  of  the  lens  separating  the  lens 
from  tlie  vitreous  humour.  The  media  will  similarly  be  reduced  to 
two ;  the  mean  substance  of  the  lens,  and  the  aqueous  or  vitreous 
humour.  This  'diagrammatic  eye'  is  of  great  use  in  the  various 
calculations  which  become  necessary  in  studying  physiological  optics; 
for  the  magnitudes  which  are  derived  by  calculation  from  it  re{»e- 
sent  the  corresponding  magnitudes  in  an  average  natural  eye  with 
sufficient  accuracy  to  serve  for  all  practical  purposes.  The  values 
adopted  by  Listing  for  the  constants  of  this  'diagrammatic  eye,*  and 
to  him  we  are  indebted  for  the  introduction  of  it,  are  as  follow : 
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Radius  of  curvature  of  cornea  8  mm. 

„  „  of  anterior  surface  of  lens 10  „ 

»     ,        y*  of  posterior    „         „        6  „ 

Refractive  index  of  aqueous  or  vitreous  humour y^, 

Mean  refiractive  index  of  lens    .^.,      |ij, 

Distance  from  anterior  surface  of  cornea  to  anterior 

surface  of  lens   4  mm. 

Thickne^ss  of  lens    4  „ 

The  calculated  position  of  the  principal  posterior  foctis,  i,e.  the 
point  at  which  all  rays  falling  on  the  cornea  parallel  to  the  optic 
axis  are  brought  to  a  focus,  is  in  the  diagrammatic  eye  146470 mm. 
behind  the  posterior  surface  of  the  lens,  or  22*6470  mm.  behind  the 
anterior  surface  of  the  cornea.  That  is  to  say,  the  fovea  centralis 
must  occupy  this  position  in  order  that  a  distinct  image  of  a  distant 
obiect  may  be  formed  upon  it.  It  must  be  understood  that  these 
values  refer  to  the  eye  when  at  rest,  i,e.  when  it  is  not  undergoing 
any  strain  of  accommodation. 

Accommodation. 

When  an  object,  a  lens,  and  a  screen  to  receive  the  image,  are  so 
arranged  in  reference  to  each  other,  that  the  image  falls  upon  the 
acreen  in  exact  focus,  the  rays  of  light  proceeding  from  each  luminous 
point  of  the  object  are  brought  into  focus  on  the  screen  in  a  point  of 
the  image  corresponding  to  the  point  of  the  object.  If  the  object  be 
then  removed  farther  away  from  the  lens,  the  rays  proceeding  in  a 
pencil  from  each  luminous  point  will  be  brought  to  a  focus  at  a  point 
m  front  of  the  screen,  and,  subsequently  diverging,  will  fall  upon  the 
iicreen  as  a  circular  patch  composed  of  a  series  of  circles,  the  so-called 
diffusion  circles,  arranged  concentrically  round  the  principal  ray  of 
the  pencil.  If  the  object  be  removed,  not  farther,  but  nearer  the 
lens,  the  pencil  of  rays  will  meet  the  screen  before  they  have  been 
brought  to  focus  in  a  point,  and  consequently  will  in  this  case  also 
give  rise  to  diffusion  cu-cles.  When  an  object  is  placed  before  the 
eye,  so  that  the  ima^e  falls  into  exact  focus  on  the  retina,  and  the 
pencils  of  rays  proceeding  from  each  luminous  point  of  the  object  are 
brought  into  focus  in  points  on  the  retina,  the  sensation  called  forth 
is  that  of  a  distinct  image.  When  on  the  contrary  the  object  is  too 
far  away,  so  that  the'  focus  lies  in  front  of  the  retina,  or  too  near,  so 
that  the  focus  lies  behind  the  retina,  and  the  pencils  fall  on  the  retina 
not  as  points,  but  as  systems  of  diffusion  circles,  the  image  produced 
is  indistinct  and  blurred.  In  order  that  objects  both  near  and  distant 
may  be  seen  with  equal  distinctness  by  the  same  dioptric  apparatus, 
the  focal  arrangements  of  the  apparatus  must  be  accommodated  to  the 
distance  of  the  object,  either  by  changing  the  refractive  power  of  the 
lens,  or  by  altering  the  distance  between  the  lens  and  the  screen. 

That  the  eye  does  possess  such  a  power  of  accommodation  is  shewn 
by  every-day  experience.    If  two  needles  be  fixed  upright  some  two 
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feet  or  so  apart,  into  a  long  piece  of  wood,  and  the  wood  be  held 
before  the  eye,  so  that  the  needles  are  nearly  in  a  line,  it  will  be 
found  that  if  attention  be  directed  to  the  far  needle,  the  near  one 
appears  blurred  and  indistinct,  and  that^  conversely,  when  the  near  one 
is  distinct,  the  far  one  appears  blurred.     By  an  effort  of  the  will 
>ve  am  at  pleasure  make  either  the  far  one  or  the  near  one  distinct; 
but  not  both  at  the  same  time.    When  the  eye  is  arranged  so  that  the 
far  needle  appears  distinct,  the  image  of  that  needle  fiJls  exactly  on 
the  retina,  and  each  pencil  from  each  luminous  point  of  the  needle 
unites  in  a  point  upon  the  retina;  but  when  this  is  the  case,  the 
focus  of  the  near  needle  lies  behind  the  retina,  and  each  pencil  from 
each  luminous  point  of  this  needle  falls  upon  the  retina  in  a  series  of 
diffusion  circles.     Similarly,  when  the  eye  is  arranged  so  that  the 
near  needle  is  distinct,  the  image  of  that  needle  falls  upon  the  retina 
in  such  a  way,  that  each  pencil  of  rays  from  each  luminous  point  of 
the  needle  unites  in  a  point  on  the  retina,  w^hile  each  pencil  from 
each  luminous  point  of  the  far  needle  unites  at  a  point  in  front  q/'the 
retina,  and  then  diverging  again  falls  on  the  retina,  in  a  series  of  diffu- 
sion circles.   K  the  near  needle  be  gradually  brought  nearer  and  nearer 
to  the  eye,  it  will  be  found  that  greater  and  greater  effort  is  required 
to  see  it  distinctly,  and  at  last  a  point  is  reached  at  which  no  effort 
can  make  the  image  of  the  needle  appear  anything  but  blurred. 
The  distance  of  this  point  from  the  eye  marks  the  limit  of  accommo- 
dation for  near  objects.     Similarly,  if  the  person  be  short-sighted,  the 
far  needle  may  be  moved  away  from  the  eye,  until  a  point  is  reached 
at  which  it  ceases  to  be  seen  distinctly,  and  appears  blurred.     In  the 
i»ue  case,  the  eye,  with  all  its  power,  is  unable  to  bring  the  image  of 
the  needle  sufficiently  fomard  to  fall  on  the  retina ;  the  focus  lies 
porniauently  behind  the  retina.    In  the  other,  the  eye  cannot  bring 
I  lie  inuige  sufficiently  backward  to  fall  on  the  retina  ;  the  focus  lies 
permanently  in  front  of  the  retina.     In  both  cases  the  pencils  of  rays 
from  the  needles  strike  the  retina  in  diffusion  circles. 

The  same  phenomena  may  be  shewn  with  greater  nicety  by  what 
is  called  Scheiner's  experiment*.     If  two  smooth  holes  be  pricked  in 
a  card,  at  a  distance  from  each  other  less  than  the  diameter  of  the 
])upil,  and   the   card   be   held  up  before  one  eye,  with    the  holes 
liorizontah  and  a  needle  placed  vertically  be  looked  at  through  the 
holes,  the  foUowinjj  facts  mav  be  observed.   When  attention  is  directed 
to  the  noodle  itself,  the  image  of  the  needle  appears  single.   Whenever 
tho  gaze  is  directed  to  a  more  distant  object,  so  that  the  eye  is  no 
longiT  acoonnuodated  for  the  needle,  the  image  appears  double  and 
at  tho  s;imo  time  blurred.     It  also  appears  double  and  blurred  when 
tho  oyo  is  accoumiodated  for  a  distance  nearer  than  that  of  the 
noodle.     When  only  one  needle  is  seen,  and  the  eye  therefore  is 
projHM'ly  aiwmmodated  for  the  distance  of  the  needle,  no  effect  is 
produced  by  bk^king  up  one  hole  of  the  card,  except  that  the  whole 

>  Scboincr,  (A-u/im.    Ixmsbmck,  1619. 
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field  of  Tision  seems  dimmer.  When,  however,  the  image  ib  doable 
on  account  of  the  eye  being  accommodated  for  a  distance  greater 
than  that  of  the  needle,  blowing  the  left-hand  hole  causes  a  diaap* 
pearance  of  the  right-hand  or  oppOBite  image,  and  blocking  the 
tight-hand  hole  causes  the  left-hand  image  to  disappear.  When 
Uie  eye  is  accommodated  for  a  difttance  nearer  than  that  of  the 
needle,  blocking  either  hole  causes  the  image  on  the  same  side  to 
vanish.  The  following  diagram  will  explain  how  these  results  are 
brought  about. 

Let  a  (Fig.  44)  be  a  luminous  point  in  the  needle,  and  ae,  a/*  the 
extreme  right-hand  and  left-hand  rays  of  the  pencil  of  T&ys  proceeding 
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firom  it,  and  passing  reepectively  through  the  right-hand  e,  and  left- 
hanciy,  holes  in  the  card.  (The  figure  is  supposed  to  be  a  horizontal 
section  of  the  eye.)  When  the  eye  is  accommodated  for  a,  the  rays 
«  and /meet  together  in  the  point  c,  the  retina  occupying  the  position 
of  the  plane  nn;  the  luminous  point  appears  as  one  point,  and  the 
needle  will  appear  as  one  needle.    When  the  eye  is  accommodated 
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for  a  distance  beyond  a,  the  retina  may  be  con^dered  to  lie^  no  longer 
at  nriy  but  nearer  the  lens,  at  mm  for  example ;  the  rays  ae  will  cut 
this  plane  at  p,  and  the  rays  af  dX  q\  hence  the  luminous  point  will 
no  longer  appear  single,  but  will  be  seen  as  two  points,  or  rather  as 
two  systems  of  diffusion  circles,  and  the  single  needle  will  appear  u 
two  blurred  needles.  The  rays  passing  through  the  right-hand  hole 
Ci  will  cut  the  retina  at  p,  %.  e.  on  the  right-hand  side  of  the  optic 
axis ;  but,  as  we  shall  see  in  speaking  of  the  judgments  pertaining  to 
vision,  the  image  on  the  right-hand  side  of  the  retina  is  refemi  hf 
the  mind  to  an  object  on  the  left-hand  side  of  the  person ;  benoe 
the  affection  of  the  retina  at  p,  produced  by  the  rays  ae  falling 
on  it  there,  gives  rise  to  an  image  of  the  spot  a  at  P,  and  similarly 
the  left-hand  spot  q  corresponds  to  the  right-hand  Q.  Blocking  the 
left-hand  hole,  therefore,  causes  a  disappearance  of  the  right-hand 
image,  and  vice  versa.  Similarly  when  the  eye  is  aoconmioaated  for 
a  distance  nearer  than  the  needle,  the  retina  may  be  supposed  to 
be  removed  to  //,  and  the  right-hand  ae  and  left-hand  a/ray8»  after 
uniting  at  c,  will  diverge  again  and  strike  the  retina  at  p  and  ^. 
The  blocking  of  the  hole  e  will  now  cause  the  disappearance  of  the 
image  q'  on  the  left-hand  side  of  the  retina,  and  this  will  be  referred 
by  the  mind  to  the  right-hand  side,  so  that  Q  will  seem  to  vanish 

If  the  needle  be  brought  gradually  nearer  and  nearer  to  the  eye, 
a  point  will  be  reached  within  which  the  image  is  always  douhle. 
This  point  marks  with  considerable  exactitude  the  near  Umit  of 
accommodation.  With  short-sighted  persons,  if  the  needle  be  removed 
farther  and  farther  away,  a  point  is  reached  beyond  which  the  image 
is  always  double;  this  marks  the  far  limit  of  accommodation. 

The  ex])eriment  may  also  be  performed  with  the  needle  placed  hm- 
zontiilly,  in  which  case  the  holes  in  the  card  should  be  vertical  The 
adjustment  for  the  eye  for  near  or  far  distances  may  be  assisted  by  usiog 
two  needles,  one  near  and  one  far.  In  this  case  one  needle  should  be 
vertical  and  the  other  horizontal,  and  the  card  turned  round  so  that  tbe 
holes  lie  horizontally  or  vertically  according  to  whether  the  vertical  or 
horizontal  neeiUe  is  being  made  to  appear  double. 

In  what  may  be  regarded  as  the  normal  eye,  the  so-called  emmi- 
tropic  eye,  the  near  limit  of  accommodation  is  about  10  or  12  cm.  and 
the  far  limit  may  be  put  for  practical  purposes  at  an  infinite  distance. 
The  *  range  of  distinct  vision'  therefore  for  the  emmetropic  eye  is 
very  great.  In  the  mi/opic,  or  short-sighted  eye,  the  near  limit  is 
brought  much  closer  (5  or  6  cm.)  to  the  cornea ;  and  the  far  limit  is 
at  a  variable  but  not  veiy  great  dist^'mce,  so  that  the  rays  of  li^t 
proceeding  from  an  object  not  many  feet  away  are  brought  to  a  focus, 
not  on  the  retina  but  in  the  vitreous  humour.  The  range  of  distinct 
vision  is  therefore  in  the  myopic  eye  very  limited.     In  the  hyperwe- 

*  Of  course,  in  the  actual  eye,  as  we  shall  see,  accommodation  is  effected  hr  • 
chauKe  in  the  lens,  and  not  by  an  alteration  in  the  position  of  the  retina;  bat/«n'WD« 
veuionco  sako,  we  may  here  suppose  the  retina  to  be  moved. 
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wpic^  or  long-sighted  eye,  the  rays  of  light  coming  from  even  an 
nfinite  distance  are,  in  the  passive  state  of  the  eye,  brought  to  a 
ocus  beyond  the  retina.  The  near  limit  of  accommodation  is  at 
ome  distance  off,  and  a  far  limit  of  accommodation  does  not  exist. 
l?he  presbyopic  eye,  or  the  long-sight  of  old  people,  resembles  the 
lypermetropic  eye  in  the  distance  of  the  near  point  of  accommodation, 
mt  differs  from  it  inasmuch  as  the  former  is  an  essentially  defective 
condition  of  the  accommodation  mechanism,  whereas  in  the  latter 
he  power  of  accommodation  may  be  good  and  yet,  from  the  internal 
jrrangements  of  the  eye,  be  unable  to  bring  the  image  of  a  near 
object  on  to  the  retina.  When  a  normal  eye  becomes  presbyopic,  the 
fkx  limit  may  remain  the  same,  but  since  the  power  of  accommodating 
or  near  objects  is  weakened  or  lost,  the  change  is  distinctly  a  reduc- 
ion  of  the  range  of  distinct  vision.  In  the  normal  emmetropic  eye, 
rhen  no  effort  of  accommodation  is  made,  the  principal  focus  of  the 
ye  lies  on  the  retina,  in  the  myopic  eye  in  front  of  it,  and  in  the  hy- 
permetropic eye  behind  it. 

Mechanism  of  Accommodation.     In  directing  our  attention 

rem  a  far  to  a  very  near  object  we  are  conscious  of  a  distinct  effort, 
knd  feel  that  some  change  has  taken  place  in  the  ^e ;  when  we  turn 
rom  a  very  near  to  a  far  object,  if  we  are  conscious  of  any  change 
n  the  eye,  it  is  one  of  a  different  kind.  The  former  is  the  sense  of 
kn  active  accommodation  for  near  objects ;  the  latter,  when  it  is  felt, 
0  the  sense  of  relaxation  after  exertion. 

Since  the  far' limit  of  an  emmetropic  eye  is  at  an  infinite  distance, 
lo  such  thing  as  active  accommodation  for  far  distances  need  exist.  The 
»nlj  change  that  will  take  place  in  the  eye  in  turning  from  near  to  far 
objects  will  be  a  mere  passive  undoing  of  the  accommodation  previously 
nade  for  the  near  object.  And  that  no  such  active  accommodation 
or  far  distances  takes  place  is  shewn  by  the  facts — that  the  eye,  when 
opened  after  being  closed  for  some  time,  is  found  not  in  medium  state 
rat  adjusted  for  distance;  that  when  the  accommodation  mechanism  of 
iie  eye  is  paralysed  by  atropin  or  nervous  disease,  the  accommodation  for 
listant  objects  is  unaffected ;  and  that  we  are  conscious  of  no  effort  in  turn- 
ng  from  moderately  distant  to  far  distant  objects.  The  sense  of  effort 
ilten  spoken  of  by  myopic  persons  as  being  felt  when  they  attempt  to  see 
Jiings  at  or  bej^ond  the  far  limit  of  their  range  seems  to  arise  from  a  move- 
nent  of  the  eyelids,  and  not  from  any  internal  changes  taking  place  in 
die  eye. 

What  then  are  the  changes  which  take  place  in  the  eye,  when  we 
icoommodate  for  near  objects?  It  might  be  thought,  and  indeed 
moe  was  thought,  that  the  curvature  of  the  cornea  was  changed, 
l>ecoming  more  convex,  with  a  shorter  radius  of  curvature,  for  near 
ibjects.  Young,  however,  shewed  that  accommodation  took  place  as 
isnal  when  the  eye  (and  head)  is  immersed  in  water.  Since  the 
refractive  powers  of  aqueous  humour  and  water  are  very  nearly  alike, 
the  cornea,  with  its  parallel  surfaces,  placed  between  these  two  fluids, 
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can  have  little  or  no  effect  on  the  direction  of .  the  rajrs  passing 
through  it  when  the  eye  is  immersed  in  water.  And  accurate  measure- 
ments of  the  dimensions  of  an  image  on  the  cornea  have  shewn 
that  these  undergo  no  change  during  accommodation,  and  that  there- 
fore the  curvature  of  the  cornea  is  not  altered.  Nor  is  there  any 
change  in  the  form  of  the  bulb;  for  any  variation  in  this  would 
necessarily  produce  an  alteration  in  the  curvature  of  the  cornea,  and 
pressure  on  the  bulb  would  act  injuriously  by  rendering  the  retina 
ansemic  and  so  less  sensitive.  In  fact,  there  are  only  two  changes  of 
importance  which  can  be  ascertained  to  take  place  in  the  eye  during 
accommodation  for  near  objects. 

One  is  that  the  pupil  contracts.  When  we  look  at  near  objects, 
the  pupil  grows  small ;  when  we  turn  to  distant  objects,  it  dilates.  This 
however  cannot  have  more  than  an  indirect  influence  on  the  forma- 
tion of  the  image ;  the  chief  use  of  the  contraction  of  the  pupil  in 
accommodation  for  near  objects  is  to  cut  off  the  more  divei;gent  cir- 
cumferential rays  of  light. 

The  other  and  really  efficient  change  is  that  the  anterior  surface 
of  the  lens  becomes  more  convex.  If  a  light  be  held  before  the  eye, 
three  reflected  images  may  be  seen  by  a  bystander :  one  a  very  bright 
one  caused  by  the  anterior  surface  of  the  cornea,  a  second  less  bright, 
by  the  anterior  surface  of  the  lens,  and  a  third  very  dim,  by  the  pos- 
terior surface  of  the  lens.  When  the  eye  is  accommodated  for  near 
objects,  no  change  is  observed  in  either  the  flrst  or  the  third  of  these 
images ;  but  the  second,  that  from  the  anterior  surface  of  the  lens,  is 
seen  to  become  distinctly  smaller,  shewing  that  the  surface  has  become 
more  convex.  When,  on  the  contrary,  vision  is  directed  from  near  to 
far  objects,  the  image  from  the  anterior  surface  of  the  lens  grows  larger, 
indicating  that  the  convexity  of  the  surface  has  diminished,  while  no 
change  takes  place  in  the  curvature  either  of  the  cornea  or  of  the 
posterior  surface  of  the  lens.  And  accurate  measurements  of  the  siie 
of  the  image  from  the  anterior  surface  of  the  lens  have  shewn  that  the 
variations  in  curvature  which  do  take  place,  are  sufficient  to  account 
for  the  power  of  accommodation  which  the  eye  possesses. 

The  observation  of  those  reflected  images  is  facilitated  by  the  simple 
instrument  introduced  by  Helmholtz  and  called  a  Phakoscope.  It  consitB 
of  a  small  dark  chamber,  with  ajHirtures  for  the  observed  and  obserring 
eyes  ;  a  needle  is  fixed  at  a  short  distance  in  front  of  the  former,  to  serra 
as  a  near  object,  for  which  accommoilation  has  to  be  made  ;  and  by  means 
of  two  prisms  the  image  from  each  of  the  thi'ee  surfaces  of  the  observed 
eye  is  made  double  instead  of  single.  When  the  anterior  surface  of  the  lens 
becomes  more  convex  the  two  images  reflected  from  that  surface  approtfli 
each  other,  when  it  becomes  less  convex  they  retire  from  each  other. 
The  approach  and  retirement  are  more  readUy  appreciated  than  is  a 
simple  change  of  size. 

These  observations  leave  no  doubt  that  the  essential  change  by 
which  accommodation  is  eflected,  is  an  alteration  of  the  convexity  of 
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the  anterior  surface  of  the  len&  And  that  the  lens  is  the  agent  of 
accommodation,  is  shewn  by  the  fact  that  after  removal  of  the  lens,  as 
in  the  operation  for  cataract,  the  power  of  accommodation  is  lost. 

In  the  cases  which  have  been  recorded,  where  eyes  from  which  the 
lens  had  been  removed  seemed  still  to  possess  some  accommodation,  we 
must  suppose  that  no  real  accommodation  took  place,  but  that  the  pupil 
contracted  when  a  near  object  was  looked  at,  and  so  assisted  in  making 
vision  more  distinct. 

Concerning  the  nature  of  the  mechanism  by  which  this  increase  of 
the  convexity  of  the  lens  is  effected,  the  view  most  generally  adopted 
18  as  follows.  In  the  passive  condition  of  the  eye,  when  it  is  adjusted 
for  £Bur  objects,  the  suspensory  ligament  keeps  the  lens  tense  with 
its  anterior  surface  somewhat  flattened.  Accommodation  for  near 
objects  consists  essentially  in  a  contraction  of  the  ciliary  muscle, 
which,  by  pulling  forward  the  choroid  coat  and  the  ciliary  processes, 
slackens  the  suspensoiy  ligament,  and  allows  the  lens  to  bulge  forward 
by  virtue  of  its  elasticity,  and  so  to  increase  the  convexity  of  its 
anterior  surface. 

Though  all  the  parts  surrounding  the  lens  are  highly  vascular,  the 
change  in  the  lens  cannot  be  considered  as  the  residt  of  any  vaso-motor 
action,  since  accommodation  may  be  effected  in  a  practically  bloodless  eye 
bj  artificial  stimulation  with  an  interrupted  current,  or  by  other  means. 
Agfain,  the  £ekct  that  accommodation  may  take  place  in  eyes  from  which  the 
iris  is  congenitally  absent,  disproves  the  suggestion  that  the  change  in  the 
lens  is  caused  either  by  the  compression  of  the  circumference  of  the  lens, 
or  in  any  other  way  by  contraction  of  the  iris.  On  the  other  hand,  tho 
observations  of  Hensen  and  Yolckers^  who  saw  the  choroid  drawn  forward 
during  accommodation,  and  satisfied  themselves  that  the  cornea  served  as  a 
functional  fijced  attachment  for  the  ciliary  muscle,  offer  a  strong  support 
to  the  generally  accepted  explanation.  To  which  it  may  be  added,  that  the 
lens  is  certainly  elastic,  and,  moreover,  that  its  natural  convexity  appears  to 
be  diminished  by  the  action  of  the  suspensory  ligament,  since  after  removal 
from  the  body  its  anterior  surface  is  found  to  be  more  convex  than  when 
in  the  natural  position  in  the  body. 

Accommodation  is  a  voluntary  act;  since,  however,  the  change  in 
the  lens  is  always  accompanied  by  movements  in  the  iris,  it  will  be 
convenient  to  consider  the  latter,  before  we  discuss  the  nervous 
mechanism  of  the  whole  act. 

Hovements  of  the  PapiL  Though  by  making  the  efforts  required 
for  accommodation  we  can  at  pleasure  contract  or  dilate  the  pupil,  it 
is  not  in  our  power  to  bring  the  will  to  act  directly  on  the  iris  by 
itself.  This  fact  alone  indicates  that  the  nervous  mechanism  of  the 
pupil  is  of  a  peculiar  character,  and  such  indeed  we  find  it  to  be. 
The  pupil  is  contracted  (1)  when  we  accommodate  for  near  objects, 
(2)  when  the  retina  (or  optic  nerve)  is  stimulated,  as  when  light  falls 

>  Meelmitmm  d.  Aeeommod.  1S68.    Cbt.  f.  Med.  Wiu.  18GS,  p.  45^. 


406  JiOrEHEXTS  OF  THE  PUPIL.  [BooKHb 

on  the  retina:  the  brifrhter  the  li<:ht  the  ereater  the  contnction. 
The  pupil  is  also  contracted  when  the  eyeball  is  tamed  inwards,  when 
the  aqueous  humour  is  deficient,  in  Uie  earij  stages  of  pcHsomng 
by  chlorofonn.  alcohol,  iVc.  and  in  nearly  all  stages  of  poisoning  by 
morphia,  calabar  bean,  and  some  other  drugs.  Tlie  papl  is  dfiZoted 
^r  when  the  eye  is  adjusted  for  £&r  objects.  'S^  when  stimulation  of 
the  retina  or  optic  nerre)  is  arrested  or  diminished.  Hence  the 
pnpil  dilates  in  passing  into  a  dim  light.  Dilation  also  occurs  when 
there  is  an  esoess  ot  aqueous  humour,  during  dyspnoea^  daring  violent 
mu50ul:\r  edforts^  as  an  edeci  of  emotions,  in  the  later  stages  of  poison- 
ing by  chloroform  «!i:c..  and  in  all  st^^es  of  p>i§oain^  by  atn^in  and 
some  other  cnig^;.  Contraction  of  the  papil  is  caused  by  contraction 
of  the  c:n:i:'.;\r  dbres  or  sphincter  of  the  iris;.  Dilation  is  caused  by 
contraction  c:  the  radial  dbres  of  the  iris. 

The  ejtisu-nce  of  rviiil  £t>res  hu  been  denited  by  many  olwateia,  bat 
the  pre:v~deri::ce  of  evidcZ-ce  is  c!<ariy  in  firoor  of  tKeir  being  reiliT 
rrvsent.  C-jr.>i.:rrin^  howriicnlar  the  iris  M.  iz  does  not  fcem  unretson- 
Ac'o  :o  :ii:cr^.  :>r'  <ocr:^  o:  ihe  v&^Li^-:^cs  £=.  tbe  oocditi'ja  of  the  papil  is  the 
rw~*-:s  cf  sizirle  riscsiLir  r7irsesi."«i.»  or  'i-»ci«£<Ti  bcoa^t  aboat  by  two- 
uiccor  Acci:^  or  c'h-ervia*?.  Thos  sLi^s  ^.-vcilLisocs  of  dhe  papil  nuiy  ^ 
cSservtii  5v=..-Lr'.'>ccc5  vi:h.  the  bears-cteiks  ^z^i  ocoers  svnehroiioas  with  the 
7e«^':rfcTory  r*.ov^;fc:<c's$w  Bci  sLftS  coca^ncskc  of  the  poptl  cumoi  be 
vh.'l'.y  :h5;  m^*::*.:  cc  nrp^cec-.v.  c*:r  vi-Aa:E  v^^otly  chie  twolt  of  depledoa 
cf  ch-f  vv^tsst:  :$  :t  ^h^e  iri:<».  ^  shew^  by  ihe  itc?  tCAS  cc«ii  these  cvcnii  msy  be 

i.\"-::rw:i::i  ::  :h^  F*~F^-  rrr-i^t.:  a*>:^:  by  ligfet  falling  on  the 
rvv.v..^.  :>  A  r;?.ii  Jk*:.  ::  Ti::c  :ir  .r:::  :?  :i:"e  a5rnent  nerre,  the 
::v,r,;  ,"  ;cv.*;-:v..:.c  :c.i  rrrrzz.:  z-fr^v.  ir.-!  "ii-r  ■>ri:ire  some  portion 
o;  :^':  ,vr.vr.<i  :  ..Acr-CrCii-z*!  —  ■.-■?  "-^M^rtr-im-x'c  -::  tne  aqueduct 
v:>ii'.-.  Mx  "-":..>'-<  rr.T::'!  r 7  "ii'f  r':LI:-s:-i:  ^i-'-a.  Tllien  the  optic 
V.;':.;*  >  .■.•'..■.:'.:.  ::^.£  r.**^..!^  "C  -iiri-  :•-  '^r  rr-urjb  no  :>nger  caoses 
A  o.v:..^,':;v.  ::  :!r:  P'-7'-  Vvi^fc.  "^i-'f  "liiri  --rrrr  is  iivided.  siimu- 
.A,',;v.  ,•:  :.^,■  r-::.v.^  ;c  :.c  :..:  ;c.:j:  z-z-r'-r  -■:  j:c^r>»n=»fso:n:racaon; 
Vv..  ,■  :^.v:  >:.••;..."...».:  :v  ,.::"::;■  T»:r-7ii:ril  Ti;r:i:c  :-:  •L-*  dirided  third 
■.',-r%v  ,-,^..>».<  ;\:-^.r.v :  :v.v.:rju:':.';c  :c  :':••  ".'-J'-l  Af:cr  rrci:-val  of  the 
,vi',vri  c.A.-.- ,:\v;  .?^J^  >r:..::i;  j.-:«:c  :c  'Z.'z  T-'iz^  is  sJTs-"  irfy  ineffeo 
.,'A*  V...  :":  ;•  ;',.-.vrii  :  :.t ■  r.:*: ci^u  .-6:  "-frrf,  az-i  :clrd  nerve 
*:v    ,  .^    v. A.-"..  .v.-Tr-fccc/.x-  :r.  :.:•:■  rrrL.  "v-^  :o,'!ir  if  a  rsssil:  of  light 


<..   ',i  .•;:.*.  .,''•,'  -",    .^.k  T.:-.'..:^-:   jl..   :•:!:»?■:  z-tr^.-is  rorts   c*  removed, 
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seems  therefore  to  be  wUhin  the  hvXb  some  nervous  connection  between  the 
retmaand  iris. 

The  centre  in  the  corpora  quadrigemina  is  not  a  double  centre  with 
two  completely  independent  halves,  one  for  each  eye;  there  is  a  certain 
amount  of  functional  communion  between  the  two  sides,  so  that  when 
one  retina  is  stimulated  both  pupils  contract.  It  might  be  imagined 
that  this  cerebral  centre  acted  as  a  tonic  centre,  whose  action  was 
simply  increased  not  originated  by  the  stimulation  of  the  retina.  This, 
however,  is  disproved  by  the  fact  that,  if  the  optic  nerve  be  divided, 
subsequent  section  of  the  third  nerve  produces  no  further  effect. 

In  considering  the  movements  of  the  pupil,  however,  we  have 
to  deal  not  only  with  contraction  but  with  active  dilation;  and  this 
renders  the  whole  matter  much  more  complex  than  might  be  supposed 
to  be  the  case  from  the  simple  statement  just  made. 

The  iris  is  supplied,  in  common  with  the  ciliary  muscle  and 
choroid,  by  the  short  ciliary  nerves  coming  from  the  ophthalmic  or 
lenticular  (ciliary)  ganglion,  which  is  connected  by  its  roots  with  the 
third  nerve,  the  cervical  sympathetic  nerve,  and,  by  the  n&sal  branch 
of  its  ophthalmic  division,  with  the  fifth  nerve.  The  short  ciliary 
nerves  are,  moreover,  accompanied  by  the  long  ciliary  nerves  coming 
from  the  same  nasal  branch  of  the  ophthalmic  division  of  the  fifth 
nerve.    What  are  the  uses  of  these  several  nerves  in  relation  to  the 

If  the  cervical  sympathetic  in  the  neck  be  divided,  all  other  por- 
tions of  the  nervous  mechanism  being  intact,  a  contraction  of  the 
pupil  (not  always  very  well  marked)  takes  place,  and  if  the  peripheral 
portion  (».  e.  the  upper  portion  still  connected  with  the  eye)  be  stimu- 
uU»d,  a  well-developed  dilation  is  the  result.  The  sympathetic  has, 
it  will  be  observed,  an  effect  on  the  iris,  the  opposite  of  that  which  it 
exercises  on  the  blood- vessels;  when  it  is  stimulated  the  pupils  are 
dilated  while  the  blood-vessels  are  constricted.  This  dilating  influence 
of  the  sympathetic  may,  as  in  the  case  of  the  vaso-motor  action  of  the 
same  nerve,  be  traced  back  down  the  neck,  along  the  rami  commu- 
nicaDtes  and  roots  of  the  last  cervical  and  first  dorsal  spinal  nerves,  to 
a  region  in  the  lower  cervical  and  upper  dorsal  cord  (called  by  Budge 
the  centrum  cilto-spinale  inferitts),  and  from  thence  to  the  medulla 
oblongata  or  to  the  quadrigemina  to  a  centre,  the  position  of  which 
18  not  accurately  known. 

The  dilation  of  the  pupil  cannot  however  be  regarded  as  a  vaso-motor 
flfiect  (even  on  the  supposition  that  the  emptying  or  constriction  of  the 
Mood-vessels  of  the  iris  could  cause  adequate  dilation  of  the  pupil)^,  since 
it  may  be  brought  about  in  the  entire  absence  of  the  circulation,  and 
■iiioe  when  the  sympathetic  is  stimulated  the  dilation  of  the  pupil  begins 
belbre  the  contraction  of  the  blood-vessels,  and  may  be  over  before  this 
luw  airived  at  its  maximum.  We  are  driven  to  conclude  that  the  dilating 
■ympathetio  fibres  do  not  end  in  blood-vessels,  but  are  connected  either 
directly  or  indirectly  with  the  muscular  fibres  of  the  dilator. 

^  Ct  Motso,  Sui  nwvimentl  idrauliei  delV  iride.    Turin,  1875. 
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The  pupil  then  seems  to  be  under  the  dominion  of  two  antago- 
nistic mechanisms:  one  a  contracting  mechsmism,  reflex  in  nature,  tiie 
thiixl  nerve  serving  as  the  efferent,  and  the  optic  as  the  afferent  tract; 
the  other  a  dilating  mechanism,  tonic  in  nature,  of  which  the  cervical 
sympiithetic  is  the  efferent  channel.    Hence,  when  the  third  or  optic 
nerve  is  divided,  not  only  does  contraction  of  the  pupil  cease  to  be 
manifest,  but  active  dilation  occurs,  on  account  of  the  tonic  dilating 
intlueuce  of  the  sympathetic  being  left  free  to  work.     When,  cm  the 
other  hand,  the  sympathetic  is  divided,  this  tonic  *^^<^^g  inflnenoe 
falls  away,  and  contraction  results.    When  the  third  or  optic  nerve 
is  stimulated,  the  dilating  effect  of  the  sympathetic  is  oyeicome, 
and  contraction  results;  and  when  the  sympathetic  is  stimulated,  the 
contracting  induence  of  the  third  nerve  is  overcome^  and  HiUtipn  ensae& 

Biic  there  are  considerations  which  shew  that  the  matter  is  still  mors 
complex  than  this.  A  small  quantity  of  atropin  introdnoed  mto  the  ere 
or  into  the  system  causes  a  dilation  of  the  pupiL  This  might  be  attri- 
buted to  a  purulyss  of  the  third  nerve,  and  indeed  it  is  found  that  after 
atropin  the  iklling  of  light  on  the  retina  no  longer  causes  eontnctioa  of 
the  pupiL  A  diScuIty  howerer  is  introdnoed  by  the  ftct  that  when  the 
third  uerve  is  divided,  and  when  thoefore  the  oontncting  effects  of  sdmiir 
lation  of  the  retina  are  placed  entirely  on  one  flade,  and  there  is  notlung  to 
prevent  the  sympadiedc  producing  its  dilating  effiicts  to  the  utmost,  dila- 
tion is  still  further  increased  by  atropin.  When  *^1*M^  bean  is  introdnoed 
into  the  eye  or  s}-«em.  conciacdon  of  the  pupil  is  cansed,  whether  the 
third  uer\-e  lie  divided  or  not:  and  when  the  dose  is  sufficiently  itroDg 
the  coutnccion  is  so  £:reat  that  it  cannot  be  overcome  by  stimnlatioa 
of  the  :5\iuixithetic.  The  dHadon  which  is  caused  by  a  sufficient  doee  of 
atropin  is  j:r«^^:er  than  that  which  can  ordinarily  be  produced  by  stimolation 
of  trie  svm:^:heuc,  ari'l  the  cv>2.rraction  caused  bv  a  sufficient  dose  of  oak- 
l>ar  teiu  i'5  jiTv-dter  than  tha:  which  is  ordinarily  produced  by  stimnlatioa  of 
the  optic  r:«i'n.'e.  ETiJently  these  dnij:?  act  on  some  local  mechanism,  the 
one  iu  ^^uoh  a  wuv  as  to  cause  dilation,  the  other  in  such  a  wav  as  to  ciiue 
coiitricrio'o.  Su':h  a  l.val  niechaaiim  cannot  however  lie  in  the  ophthalmic 
iTAi!^.'-  'ti,  tor  Ivth  druirs  vn>luce  th-zse  ejects  in  a  most  marked  decree 
atler  the  ciiiC-i-^u  has  been  ex^'L-seii.  We  must  supp>se  therefore  that  the 
uuvLiaziisiu  i>  sititired  in  the  irLs  icself  op  in  the  choroid,  where  indeftl 
ir4v.;;iioti.:o  'jiTv^j-ctfLIs  are  abiin-iant  But  if  we  admit  the  existence  of 
suoh  Li  !^v:il  ii5.ivha.aism.  we  lU'^:  further  admit  that  both  the  sympathetic 
a:'.-,i  tLie  tl:ir«.i  v.ervo  a>.'t  noc  dLreccIy  on  either  the  sphincter  or  diUi-jr 
i»uin\tr.  bu:  i'^dirtvtlv  :hr,^u;^h  niean^  of  the  kval  nervous  mechantsnL 

The  share  of  the  tirth  nerve  in  the  work  of  the  ins  seems  to  be  in  pet 
a  sk*r».A.Ty  one :  the  iris  is  sea<i:ive.  and  the  sensory  impulses  which  aw 
i^^iviifcLtvl  in  is  txiss  troni  ir:  iiloLi:^  :he  fibres  of  the  dfth  nerve. 

riioui^h  the  onh:Lab:iio  ;r-c:^-.L-.^n  'i^es  r^'eive  dbres  directly  from  tbe 
vitwnioiis  plexas  or  the  syruviirh-zftic.  the  -iilating  action  of  the  sympathetic 
would  seem  to  be  k.iirrieii  ou-  not  qj  thrse  fibres  but  by  fibres  joining 
the  oj»ht:;;uiiiio  brntioh  ^^i  the  ri::h  ner^^e  higher  tip  in  i»  o^orse  and  pasan? 
to  tiio  in*  i4[»?\irvL*:Iy  by  the  lon^  cLliiiry  nervesL     Acccniing  to  OeW 
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when  these  fibres,  which  appear  to  ran  along  side  the  ophthalmic  branch 
rather  than  actually  to  become  part  of  the  nerve,  are  destroyed,  stimulation 
of  the  sympathetic  in  the  neck  produces  no  dilation  of  the  pupil  whatever. 
Section  of  the  ophthalmic  branch  itself  causes  contraction,  and  stimulation 
of  the  peripheral  end  dilation  of  the  pupil;  and  the  effects  are  still  seen 
after  the  sympathetic  fibres  have  become  degenerated  in  consequence  of  the 
xemoTal  of  the  superior  cervical  ganglion.  From  these  facts  Oehl  infers 
I  that  the  fifth  nerve  itself  contains  dilating  fibres,  and  he  believes  that  these 
take  their  origin  from  the  Gasserian  ganglion.  Oehl's  results,  indepen- 
dently arrived  at  by  Rosenthal',  were  conducted  on  dogs  and  rabbits. 
Guttmann*  came  to  a  similar  conclusion  as  regards  frogs;  he  found  the 
dilator  fibres  of  the  cervical  sympathetic  passed  through  the  Gasserian 
ffanglion  and  were  there  reinforced  by  fibres  taking  origin  in  the  ganglion 
vatSiL  These  dilating  fibres  of  the  fifth  nerve  have  however  been  thought 
by  some  to  be  vaso-motorial  in  nature,  producing  changes  in  the  pupil  in 
an  indirect  way  by  affecting  its  blood-supply. 

When  atropin  is  applied  locally  so  as  to  affect  the  pupil  of  one  eye  only, 
the  large  amount  of  light  entering  through  the  dilated  pupil  may  cause  a 
eantraction  of  the  pupil  of  the  other  eye. 

The  movements  of  the  pupil  may  be  brought  about  through  reflex 
MtioQ  by  sensory  impulses  other  than  those  arising  in  the  retiua  or  optic 
nerve.  Holmgren'  finds  that  in  rabbits,  after  section  of  the  optic  nerve, 
dilation  of  the  pupil  follows  upon  the  hearing  a  noise,  and  indeed  upon  any 
SQfiSiciently  acute  sensation. 

We  have  already  stated  that  when  we  accommodate  for  near 
ol^ects  the  pupil  is  contracted;  the  one  movement  is  'associated' 
with  the  other,  that  is  to  say,  the  special  central  nervous  mechanism 
employed  in  carrying  out  the  one  act  is  so  connected  by  nervous  ties 
of  acme  kind  or  other  with  that  employed  in  carrying  out  the  other, 
that  when  we  set  the  one  mechanism  in  action  we  unintentionally  set 
the  other  in  action  also.  A  similar  associated  contraction  of  the  pupil 
occurs  when  the  eye  is  directed  inward.  Conversely,  the  drugs  which 
liaye  a  special  action  on  the  pupil,  such  as  atropin  and  calabar 
bean,  also  affect  the  mechanism  of  accommodation.  Atropin  paralyses 
it,  80  that  the  eye  remains  adjusted  for  far  objects;  and  calabar  bean 
throws  the  eye  into  a  condition  of  forced  accommodation  for  near 
objects.  The  latter  effect  may  be  explained,  on  the  view  stated 
alx>ve,  by  supposing  that  the  calabar  bean  throws  the  ciliary  muscle 
into  a  state  of  tetanic  contraction  in  the  same  way  that  it  does  the 
sphincter  pupillse. 

We  can  accommodate  at  will;  but  few  persons  can  effect  the 
necessary  change  in  the  eye  unless  they  direct  their  attention  to 
some  near  or  far  object,  as  the  case  may  be,  and  thus  assist  their  will 
bj  Tisual  sensations.  By  practice,  however,  the  aid  of  external  ob- 
jects may  be  dispensed  with ;  and  it  is  when  this  is  achieved  that 
the  pupu  may  seem  to  be  made  to  dilate  or  contract  at  pleasure, 

1  See  Goitmami,  CentralbUiH  f.  Med.  Win.  18C4,  p.  598. 
■  Op.  eit.  •  Loc.  eit, . 
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accommodation  being  effected  without  the  eye  being  turned  to  any 
particular  object. 

Imperfections  in  the  Dioptric  Apparattu. 

The  emmetropic  eye  may  be  taken  as  the  normal  eya  The  my- 
opic  and  hypermetropic  eyes  may  be  considered  as  imperfect  eye^ 
though  the  former  possesses  certain  advantages  over  the  normal  eye. 
An  eye  might  be  myopic  from  too  great  a  convexity  of  the  cornea^  or 
of  the  anterior  surface  of  the  lens,  or  from  permanent  spasm  of  tlie 
accommodation-mechanism,  or  from  too  great  a  length  of  the  long 
axis  of  the  eyeball.  According  to  Donders  the  last  is  the  usual  cause. 
Similarly,  most  hypermetropic  eyes  possess  too  short  a  bulb.  The 
presbyopic  eye  is,  as  we  have  seen,  an  eye  normally  constituted  in 
which  the  power  of  accommodation  has  been  lost  or  is  failing. 

Spherical  Aberration.  In  a  spherical  lens  the  rays  which  im- 
pinge on  the  circumference  are  brought  to  a  focus  sooner  than  those 
which  pass  nearer  the  centre,  and  the  focus  of  a  luminous  point,  ceas- 
ing to  be  a  point,  is  spread  over  a  surface.  Hence  when  rays  are 
allowed  to  fall  on  the  whole  of  the  lens,  the  image  formed  on  a  screen 
placed  in  the  focus  of  the  more  central  rays  is  blurreil  by  the  difiu- 
sion-circles  caused  by  the  circumferential  rays  which  have  been 
brought  to  a  premature  focus.  In  an  ordinary  optical  instmment 
spherical  aberration  is  obviated  by  a  diaphragm  which  shuts  off  the 
more  circumferential  rays.  In  the  eye  the  iris  is  an  adjustahle 
diaphragm;  and  when  the  pupil  contracts  in  near  vision  the  more 
divergent  rays  proceeding  from  a  near  object,  which  tend  to  &I1  on 
the  circumferential  parts  of  the  lens,  are  cut  off".  As,  however,  the 
refractive  power  of  the  lens  does  not  increase  regularly  and  pro- 
gressively from  the  centre  to  the  circumference,  but  varies  most 
irregularly,  the  purpose  of  the  narrowing  of  the  pupil  cannot  he 
simply  to  obviate  spherical  aberration ;  and  indeed  the  other  optical 
imperfections  of  the  eye  are  so  great,  that  such  spherical  aberrations 
as  are  caused  by  the  lens  produce  no  obvious  effect  on  vision. 

Astigmatism.  We  have  hitherto  treated  the  eye  as  if  its  dioptric 
surfaces  were  all  parts  of  perfect  spherical  surfaces.  In  realitjr  this  is 
rarely  the  case,  either  with  the  lens  or  with  the  cornea.  Slight  de- 
viations do  not  produce  any  marked  effect,  but  there  is  one  deviation 
tolerably  common  to  a  certain  extent  in  most  eyes,  and  very  larcely 
developed  in  some,  known  as  regular  astigmatism.  This  exists  when 
the  dioptric  surface  is  not  spherical  but  more  convex  along  one 
meridian  than  another,  more  convex,  for  instance,  along  the  vertical 
than  along  the  horizontal  meridian.  When  this  is  the  case  the  rays 
proceeding  from  a  luminous  point  are  not  brought  to  a  single  focus 
at  a  point,  but  possess  two  linear  foci,  one  nearer  than  the  normal 
focus  and  corresponding  to  the  more  convex  surface,  the  other  farther 
than  the  normal  and  correspondiug  to  the  less  convex  surface.    If 
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the  vertical  meridians  of  the  surface  be  more  convex  than  the  hori- 
zontal, then  the  nearer  linear  focus  will  be  horizontal  and  the  farther 
linear  focus  will  be  vertical,  and  vice  versa,     (This  can  be  shewn 
much  more  effectually  on  a  model  than  in  a  diagram,  in  which  we 
limited  to  two  dimensions.)     Now,  in  order  to  see  a  vertical  line 
it  is  much  more  important  that  the  rays  which  diverge 
the  line  in  the  series  of  horizontal  planes  should  be  brought  to 
%  a  focus  properly  than  those  which  diverge  in  the  vertical  plane  of  the 
lin^  itself;  and  similarly,  in  order  to  see  a  horizontal  line  distinctly 
it  ijs  much  more  important  that  the  rays  which  diverge  from  the  line 
in  ^be  series  of  vertical  planes  should  be  brought  to  a  focus  properly 
tbeixi  those  which  diverge  in  the  horizontal  plane  of  the  line  itself. 
k    Hex^ce  a  horizontal  line  held  before  an  astigmatic  dioptric  surface, 
[     most  convex  in  the  vertical  meridians,  will  give  rise  to  the  image 
of  sk  horizontal  line  at  the  nearer  focus,  the  vertical  rays  diverging 
froix^  the  line  being  here  brought  to  a  linear  horizontal  focus.    Simi- 
larly, a  vertical  line  held  before  the  same  surface  will  give  rise  to  an 
imag^  of  a  vertical  line  at  the  farther  focus,  the   horizontal  rays 
divoxging  from  the  vertical  line  being  here  brought  to  a  linear  verti(^ 
focixs.    In  other  words,  with  a  dioptric  surface  most  convex  in  the 
vertical  meridians,  horizontal  lines  are  brought  to  a  focus  sooner  than 
ire  vertical  linea 

Itfost  eyes  are  thus  more  or  less  astigmatic,  and  generally  with  a 
gre&tter  convexity  along  the  vertical  meridians.  Jf  a  set  of  horizontal 
or  vertical  lines  be  looked  at,  or  if  the  near  point  of  accommodation 
1»  determined  by  Scheiner's  experiment  (p.  400),  for  the  needle 
plaoed  first  horizontally  and  then  vertically,  the  horizontal  lines  or 
noodle  will  be  distinctly  visible  at  a  shorter  distance  from  the  eye 
^fc*0  the  vertical  lines  or  needle.  Similarly,  the  vertical  line  must  be 
&rther  from  the  eye  than  a  horizontal  one,  if  both  are  to  be  seen 
distinctly  at  the  same  time.  The  cause  of  astigmatism  is,  in  the 
great  majority  of  cases,  the  unequal  curvature  of  the  cornea ;  but 
•(Haetimes  the  fault  lies  in  the  lens,  as  was  the  case  with  Young. 

When  the  curvature  of  the  cornea  or  lenai  differs  not  in  two  meridians 
^T  but  in  several,  irregular  astigmatism  is  the  result.  A  certain  amount 
^irregular  astigmatism  exists  in  most  lenses,  thus  causing  the  image  of  a 
""Vkt  point,  such  as  a  star,  to  be  not  a  circle  but  a  radiate  figure. 

Ohromatio  AberratioiL  The  different  rays  of  the  spectrum  are 
?f  different  refrangibility,  those  towards  the  violet  end  of  the  spec- 
*^ixi  being  broup^ht  to  a  focus  sooner  than  those  near  the  red  end. 
^^^  in  optical  instruments  is  obviated  by  using  compoimd  lenses 
jPJ^e  up  of  various  kinds  of  glass.  In  the  eye  we  have  no  evidenco 
*^^  the  lens  is  so  constituted  as  to  correct  this  fault ;  still  the  total 
^l^^rsive  power  of  the  instrument  is  so  small,  that  such  amount 
^  chromatic  aberration  as  does  exist  attracts  little  notice.    Never- 

*^^Qe8  some  slight  aberration  may  be  detected  by  careful  observation. 

^hen  the  spectrum  is  observed  at  some  distance  the  violet  end  will 
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not  be  seen  in  focus  at  the  same  time  as  the  red.  If  a  laminoDS 
point  be  looked  at  through  a  narrow  orifice  covered  by  a  piece  of 
violet  glass,  which  while  shutting  out  the  yellow  and  green  albwi 
the  red  and  blue  rays  to  pass  through,  there  will  be  seen  alteniateljr 
an  image  having  a  blue  centre  with  a  red  fringe,  or  a  red  centre  with 
a  blue  fringe,  according  as  the  image  of  the  point  looked  at  is  thrown 
on  one  side  or  other  of  the  true  focus.    Thus  supposing/  (Fig.  45} 
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FlO.    45.      DUQRAX  ILLUSTBATINO   ChROSCATIO   AbXBBATIOX. 

hh  is  the  dioptric  surface,  hv  represents  the  blue,  and  hr  the  red  lajs;  F  is  the  focil 

plane  of  the  blue,  22  of  the  red  rajf. 

to  be  the  plane  of  the  mean  focus  of  A,  the  violet  rays  will  be 
brought  to  a  focus  in  the  plane  F,  and  the  red  rays  in  the  plane  it; 
if  the  rays  be  supposed  to  £bi11  on  the  retina  between  V  and/tk 
divertnng  or  blue  rays  will  form  a  centre  surrounded  by  the  still 
converging  red  rays ;  whereas  if  the  rays  faU  on  the  letina  betweea  / 
and  R,  the  converging  red  rays  will  form  a  centre  with  the  w 
diverging  blue  rays  forming  a  fringe  round  them ;  when  the  olgebb 
is  in  focus  at/,  the  two  kinds  of  rays  will  be  mixed  together. 

Entoptic  Phenomena.  The  various  media  of  the  eye  are  itfA 
uniformly  transparent ;  the  rays  of  light  in  passing  through  theH^ 
undergo  local  absorption  and  refraction,  and  thus  various  shadows  ar0 
thrown  on  the  retina,  of  which  we  become  conscious  as  imperfection^ 
in  the  field  of  vision,  especially  when  the  eye  is  directed  to  a  uniformly 
illuminated  surface.  These  are  spoken  of  as  entoptic  phenomena,  aod 
are  very  varied,  many  forms  having  been  described. 

The  most  common  are  those  caused  bv  the  presence  of  floating 
bodies  in  the  vitreous  humour,  the  so-called  muscm  volitantes.    Thes9 
are  readily  seen  when  the  eye  is  turned  towards  a  uniform  sarface, 
and  are  frequently  very  troublesome  in  looking  through  a  microaoope. 
They  assume  the  form  of  rows  and  groups  of  beads,  of  single  beads, 
of  streaks,  patches  and  granules,  and  may  be  recognised  by  their 
almost  continual  movement,  especially  when  the  head  or  eye  is  moxei 
up  and  down.     When  an  attempt  is  made  to  fix  the  vision  upon 
them,  they  immediately  float  away.    Tears  on  the  cornea,  tempoiaiy 
unevenness  on  the  anterior  surface  of  the  cornea  after  the  eyehd  hn 
been  pressed  on  it,  and  imperfections  in  the  lens  or  its  capsole^  abo 
give  rise  to  visual  images.     Not  unfrequently  a  radiate  figure  cor- 
responding to  the  arrangement  of  the  fibres  of  the  lens  makes  iti 
appearance. 
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Imperfectioiis  in  the  maigin  of  the  pupil  appear  in  the  shadow  of  the 
iris  wluch  bpnnds  the  field  of  yision;  and  the  movements  of  the  iris  in  one 
Bje  maj  be  rendered  vinble  bj  alternately  closing  and  opening  the  other; 
tbe  field  of  the  first  may  be  observed  to  contract  when  light  enters,  and  to 
szpand  when  the  light  is  shut  ofi*  from  the  second.  The  media  of  the  eye 
lie  fluovescent;  a  condition  which  favours  the  perception  of  the  ultra- 
riolet  Tays.  If  a  white  sheet  or  white  cloud  be  looked  at  in  daylight 
through  a  NicoFs  prism,  a  somewhat  bright  double  cone  or  double  tuft, 
irith  the  apices  touching,  of  a  fidnt  blue  colour,  is  seen  in  the  centre  of  the 
Seld  of  Tision,  crossed  by  a  similar  double  cone  of  a  somewhat  yellow 
larker  colour.  These  are  spoken  of  as  Haidinger's  brushes;  they  rotate 
18  the  prism  is  rotated,  and  are  supposed  to  be  due  to  the  unequal  absorp- 
don  of  the  polarized  light  in  the  ydlow  spot  The  prism  must  be  frequently 
rotated,  as  when  the  prism  remains  at  rest  the  phenomena  fade.  Lastly, 
BCConUng  to  Helmholtz^  the  optical  aiTangements  have  a  further  imper- 
iectioii  in  that  the  dioptric  surfaces  are  not  truly  centred  on  the  optic 


Sec.  2.    Visual  Sensations. 

light  faUing  on  the  retina  gives  rise  to  sensory  impulses^  which 

MSBin^  up  the  optic  nerve  through  certain  parts  of  the  brain,  and 

Decommg,  as  we  nave  reason  to  believe,  modified  in  various  cerebral 

itnictuies,  finally  affect  our  consciousness,  and  call  forth  sensations. 

In  a  sensation  we  ought  to  be  able  to  distinguish  between  the  events 

>^  fhiough  which  the  impact  of  the  rays  of  light  on  the  retina  is  enabled 

[  to  generate  sensory  impulses,  and  the  events,  or  rather  series  of 

^  events,  through  which  these  sensory  impulses  (for,  judging  by  the 

I   •^ogy  of  motor  nerves,  we  have  no  reason  to  think  that  they  under- 

'  go  any  fundamental  changes  in  passing  along  the  optic  nerve),  by  the 

ijiency  of  the  cerebral  arrangements,  are  converted  into  a  sensa- 

hoq.    Such  an  analysis,  however,  is  at  present  at  least,  in   most 

purticalars,  quite  beyond  our  power ;  and  we  must  therefore  treat  of 

m  sensations  as  a  whole,  distinguishing  between  the  peripheral  and 

ceatral  phenomena,  on  the  rare  occasions  when  we  are  able  to  do  so. 

Holmgren^  and  Dewar  and  McKendrick'  have  shewn  that  the  natural 
Btrio  currents  of  the  optic  nerve,  viz.  those  witnessed  when  the  elec- 
^lodes  are  placed  on  the  retina  and  on  points  of  the  longitudinal  surface 
^  the  optic  nerve  respectively,  undergo  a  change,  sometimes  negative 
iMt  aometimee  positive,  or  according  to  the  latter  observers,  always  positive 
^^^  light  fkdls  on  the  retina.  Stimulation  of  the  retina  by  light  therefore 
p(odQoeB  in  the  optic  nerve,  as  does  ordinary  stimulation  in  a  motor 
*^o,  a  change  in  the  natural  nerve-currents.  This  is  almost  the  only 
^'^d^ve  information  we  possess  concerning  the  production  of  optical 
•■^•orjr  impulses.  Dewar  and  McKendrick  have  further  shewn  that 
w  tmoont  of  change  in  the  electrical  current  varies  with  the  strength 
<■  tiie  atimulu8|  obeying  approximately,  but  not  precisely,  a  law  which 

1  Centrht,  Med.  WUi,  1871,  423,  438. 
«  Tram.  Boy.  Soc.  Edin.  1878. 
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regulates  the  relations  of  not  only  optical  bat  all  smsatioos  to  the  stimnlu 
which  produces  them,  and  which  we  shall  presently  speak  of  as  Fechoer'i 
law. 

Visnal  Purple.  The  recent  discovery  that  the  outer  layer  of  the 
retina  {outer  limbs  of  the  rods],  is  nonnally  coloured  with  a  paiple 
colour,  which  is  bleached  or  destroyed  by  exposure  to  light  and  re- 
stored by  rest  in  the  dark,  seemed  at  first  destined  to  prove  a  mo* 
mentous  step  in  advance  as  regards  our  knowledge  of  the  origination 
of  visual  impulses.  Especially  did  this  seem  to  be  the  case  when  the 
^'isual  purf»Ie  was  found  to  be  so  sensitive  that  an  image  could  be 
fixed  on  the  retina  after  the  fashion  of  a  photograph.  The  subse- 
quent discovery  that  the  colour  (which  is  almc«st  if  not  exclusively 
confined  to  the  rods  and  absent  JFrom  the  cones)  does  not  in  nun 
exi>t  in  the  fovea  centralis,  where  vision  is  most  distinct,  and  that 
some  animals,  at  all  events  rircnrs '.  can  see  very  well  indeed  in  the 
total  ai'.sence  of  their  visual  purjje,  shews  how  much  iurther  know- 
Itnlire  is  required  before  anv  definite  statement  can  be  made  con- 
ceruing  ihv;  funciion  of  this  colouring  matter. 

As  L.-n^  ^^^c^  as  1S39  Krohn  called  attention  to  the  rose  ooloor  of  the 
Tviinris  of  ix-:<L:iA'7->is:  but  though  his  observations  were  confirmed  br 
M;ix  ScLuhzv  uxA  CI  hers,  and  th>^ugh  sc>me  years  afterwards  H.  MfiUer,  and 
LrVii:^  ail  i  M;is  SoLu'tie,  fxiiid  a  sdmihir  colonratiou  in  the  retinas  of 
frv' js  or-  .1  <\hrT  venel  r£i:<:«,  tie  matter  did  not  attract  any  great  interest 
\n.\\  R-'.i^  disooTrrei  ihit  this  colour  was  susceptible   to  light,  beng 
buvaci.iM  whra  tLe  rye  was  exposed  to  light  but  returning  again  when  tlie 
oyo  w/i>  kt'pt  in  the  dark.     He  found  that  vhen  the  eye  of  a  frog  whick 
V.sd  ':v":n  kt-r-i  :V-r  snie  finite  in  the  dark  "was  rapidly  opened,  the  outer 
lir.ii^  cf  xho  r.\i>  cf  :Lt-  rt":i:.a  jreK-ntc^  a  very  beautiful  piuple.  or  (as  he 
af^vrw  ;»rvi>  i-:v:\m\i  ;  :•  c:»ll  ::    rtd  cc»loiir.  "which  after  a  few  seconds*  ei- 
|\\>r.T\-  to  -ii:'!.:  cr.;.'..ct^i  ir.:o  a  yc-Iiow  and  finally  disappeared*  leaving  tbe 
nv*s  v^.  ':;v.r,;'S>v.     Sv\.:vrfJ  inicnj  tbew  red  or  piirple  rcxis  were  a  number 
of  Vrij;:;:   jrrinn  txIn.  tie  c^'.-nr  ci  which  also  iaded  on  exposure  to  liglit- 
If  ;":.i'  f:*.*>i:  "■;*.;  :  :*x  ":-.:>' y  >:-r:-  rx;Ki>ei  for  scn^e  lime  to  a  bright  light, 
\\.c    :v:::..i     cvi:.    w;::.   -.Vv   :j.:i>':   rapid  manipulation,  was  found  to  be 
iv'-^v.-.^ns.     A:..i  Vt  i\;-n.:i.ir^  it  inierrals  the  eves  of  a  series  offivv 
^>";.^"h  .-i :':<■;*  Iv.r.c  k:;. ;  ir.  i:.r  a:»rk  hh<i  l»f«en  exp-z^sed  to  light  for  variable 
iv.^\".s.  ,v../,  *\  ■.."  iT^v'.t  ::"  ::• -rs  wr.icr..  i:Vr  an  t-sf»i>?nre  to  bright  liiit. 
l.a.l  )\\  r.  kiv-:  ::.  '/r.r  .l.rk  :':■:  vj-iriil.jr  ■.•r:^>ix  PW-ll  was  enabled  to  stti-fj 
h'.r.jM^',:'  r;,.i:.  ■.■.;   :':.e  ".:•  .-.i^  tjr    j,:  all  t-Tc-ntss.  tLe  colour  of  the  rods  wis 
*ii^s;*.v\c\'4  ';  V  i\;':.>..r!  :     L.^:.:  tr.ii  restori-i  br  rest  in  the  dark    Usins 
V, ;! ^1 « V  s . r.'. \'a\  <\ w  \\ '. . . > :.'»-.. >. >  n: ; t: :•»  r. r;niji tdc  ins'reaa  of  white  light,  he  came 
to  \\.c  .-.  V. ,- ■  \ . V. .-.r.  \\»k\    ..:.';:?  :■  xT'.su rf  -JO  p^e^n  ligh t  the  retina  becam*^ 
;-^Nj  ;V.v..  I   ...,  .  >...;:..  :..  ,  r:.'..  V  olx-.r-t^ss-:  uDder  blue  and  wiet  lii^t. 
\\   r:x;    >i/T,  :•.'.:  <,  . ;  :.-.  Ci  *.'  >'..'.:T  ar.l  nnally  iv»>t  all  cv-lour;  while  under 
•.N\;    .;'..    1   ;vvv.  s    ;■•  .::':".nT  TV."*.  v.T.  Jt.r  ve/.L  w  H^ht  A  bri^ihter  peJ,  acd 
x^;.,.,  ,\i^^^,^'.  -.,   ;■;  .    ...rrc  >■.•'; :  7:A>  nn:ii:-«"tm  veiy  little  change,    n* 
?»s;i:ti  t\;>  >  •>.;.••.   v  .:'... *    ^r  >  ;>.::.l  r:*i  ii.  tie  C'Uter  limbs  of  the  rods  not 
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only  of  the  frog,  but  of  all  other  vertebrates,  including  mammalia,  whose 
retinas  contain  sufficiently  conspicuous  rods.  He  concluded  that  the  colour 
must  be  largely  concerned  in  the  act  of  vision. 

Kflhne*  taking  up  and  largely  extending  Boll's  discovery  has  been  led 
to  the  following  remits : 

The  colour  of  the  rods  is  due  to  the  presence  of  a  distinct  pigment, 
the  visual  purple,  which  may  be  extracted  from  the  substance  of  the  rodri 
by  dissolving  these  in  an  aqueous  solution  of  bile  salts.  A  clear  purple 
w>lation  is  thus  obtained,  which  is  capable  of  being  bleached  by  the  action 
of  light,  and  in  its  general  features  and  behaviour  is  similar  to  the  pigment 
as  it  naturally  exists  in  the  retina. 

Visual  purple  is  found  exclusively  in  the  outer  limbs  of  the  rods ;  it 
lias  never  yet  been  found  in  the  cones,  and  it  is  accordingly  absent  from 
the  retinaa  of  animals  (such  as  those  of  snakes)  which  are  composed  of 
cones  only,  and  from  the  macula  lutea  and  fovea  centralis  of  the  retinas  of 
msn  and  the  ape.  The  intensity  of  the  colouration  varies  in  different 
animals,  and  the  retinas  even  of  some  animals  possessing  rods  (bat,  dove, 
hen)  seem  to  be  wholly  devoid  of  the  visual  purple ;  it  is  generally  well 
mari^ed  in  retinas  in  which  the  outer  limbs  of  the  rods  are  well  developed. 
Its  absence  or  presence  is  not  dependent  on  nocturnal  habits,  since  the 
intense  colour  of  the  retina  of  the  owl  is  in  strong  contrast  to  the 
absence  of  colour  in  the  bat.  It  has  been  found  in  the  retina  of  a 
aheep*8  embiyo.  As  a  general  rule  the  amount  of  pigment  present  may 
be  said  to  be  in  inverse  ratio  to  the  development  of  coloured  'globules'  or 
'lenses'  in  the  rods  and  cones;  but  it  would  be  premature  to  insist  on 
any  exact  relation. 

The  visual  purple  is  bleached  not  only  by  white  but  also  by  mono- 
diromatic  light;  the  change  however  in  the  latter  is  slower  than  in  the 
former.  Of  the  various  prismatic  rays  the  most  active  are  the  greenish 
yellow  rays,  those  to  the  blue  side  of  these  coming  next,  the  least  active 
being  the  red.  Now  it  is  precisely  the  greenish  yellow  rays  which 
are  most  readily  absorbed  by  the  colour  itself.  A  natural  coloured  retina 
or  a  solution  of  visual  purple  gives  a  diffuse  spectrum  without  any  defineil 
absorption  bands,  and  according  to  the  amount  of  colouring  material 
through  which  the  light  passes,  absorption  is  seen  either  to  be  limited  to 
the  greenish  yellow  part  of  the  spectrum  or  to  spread  thence  towards  the 
bloe  and  to  a  much  less  extent  towards  the  red.  Thus  the  various  pris- 
aaatic  rays  produce  a  photochemical  effect  on  the  visual  purple  in  proportion 
as  they  are  absorbed  by  it  Under  the  action  of  light  the  visual  purple, 
whether  in  solution,  or  in  its  natural  condition  in  the  rods,  passes  through 
what  Kuhne  calls  a  chamois  colour  (Le,  the  purplish  orange  seen  on  th(; 
chamois)  to  a  yellow,  and  finally  becomes  colourless;  and  KUhne  believes 
that  he  is  justified  in  speaking  of  a  visual  yellow  and  visual  white  as 
prodocts  of  the  photochemical  changes  undergone  by  the  visual  purple. 

For  the  restoration  of  the  visual  purple,  after  it  has  been  destroyed  by 
lights  the  maintenance  of  the  circulation  of  the  blood  through  the  tissues 
of  the  eye  is  not  essential  The  choroidal  epithelium  has  by  itself,  provided 
thai  it  still  retains  its  tissue  life,  the  power  of  regenerating  the  purple. 

*  Zwr  Photoehemie  der  Netzhaut,  Veher  den  Sehpwrpur,  VerhandL  d,  NaturhUtorUeh- 
«mL  Vereitu  in  Heidelberg,  Bd.  i.  1877.  Sehen  ohne  Purpur,  Untersueh,  PhyiioL 
JtrntU.  HM^lberg,  Bd.  i.  1877.    Ewald  and  KUline,  Ueber  den  Sehpurpur,  ibid. 
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If  a  portion  of  the  retina  of  an  excised  eye  be  raised  from  its  epitibeliil  bed, 
bleached,  and  then  carefully  restored  to  its  natural  position,  the  purple  iriU 
return  if  the  eye  be  kept  in  the  dark.  The  choroidal  epithelium  may  in 
fact  be  spoken  of  as  a  'purpurogenous'  membrane. 

K  an  excised  eye,  a  portion  of  the  retina  of  which  has  been  bleached  by 
light,  be  treated  with  a  4  p.c.  solution  of  potash  alum  before  the  chordd^ 
epithelium  has  had  time  to  obliterate  the  bleaching  effectSy  the  retina  may 
remain  permanently  in  that  condition,  the  photochemical  effect  may,  as  the 
photographers  say,  be  fixed.  In  this  way  Ktthne  suooeeded  in  obtainiog 
promising  'optograms'. 

The  above  facts  leave  no  room  for  doubt  that  the  visual  purple  is 
in  some  way  concerned  in  vision,  but  it  is  impossible  at  present  to  ny 
what  is  its  exact  function.  Its  conspicuous  absence  from  the  cones,  sod 
especially  its  absence  from  the  fovea  centralis  of  man,  shew  that  vision, 
indeed  the  best  and  most  exact  vision,  may  take  place  without  it;  and 
Kiihne  has  satisfied  himself  that  frogs  whose  retinas  have  been  wholly  and 
thoroughly  bleached  by  exposure  to  light  can  see  perfectly  welL  It  is  very 
tempting  to  connect  the  purple  in  some  way  with  colour  vision,  but  we 
know  that  our  colour  vision  is  most  exact  in  the  fovea  centralis,  and  the 
frogs  ju»t  spoken  of  seemed  to  be  as  susceptible  to  colour  as  normal  frogs. 

Simple  Sensations. 
Belations  of  fhe  Srasation  to  the  Stunnlus.    If  we  put  a^de 

for  the  present  all  questions  of  colour,  we  may  say  that  light,  viewed 
as  a  stimulus  affecting  the  retina,  varies  in  intensity,  that  is,  in  the 
energy  of  the  luminous  vibrations  as  manifested  by  their  amplitade, 
and  in  duration,  that  is,  in  the  length  of  time  the  waves  continue  to 
fall  upon  the  retina.  The  effect  of  the  light  will  also  depend  on  the 
extent  of  retinal  surface  exposed  to  the  luminous  vibrations  at  the 
same  time.  Taking  a  luminous  point,  in  order  to  eliminate  tlie  latter 
circumstance,  we  may  make  the  following  statements. 

The  sensation  has  a  duration  much  greater  than  that  of  the 
stimulus,  and  in  this  respect  is  comparable  to  a  muscular  oontraction 
caused  by  such  a  stimulus  as  a  single  induction  shock.  The  sensa- 
tion of  a  flash  of  light  lasts  for  a  much  longer  time  than  that  during 
which  luminous  vibrations  are  falling  on  the  retina.  Hence  when 
two  stimuli,  such  as  two  flashes  of  light,  follow  each  other  at  a  suffi- 
ciently short  interval,  the  two  sensations  are  fused  into  one;  and 
a  luminous  point  moving  rapidly  round  in  a  circle  gives  rise  to  the 
sensation  of  a  continuous  circle  of  light.  This  again  is  quite  com- 
parable to  muscular  tetanus.  The  interval  at  which  fusion  takes 
j)lace,  that  is  the  interval  between  successive  stimuli  which  must  be 
oxceeJed  in  order  that  successive  distinct  sensations  may  be  pra- 
ihicod,  varies  according  to  the  intensity  of  the  light,  being  shorter 
with  the  stronger  light ;  with  a  faint  light  it  is  about  -^  sec,  with  a 
strong  light  -^^  or  ^^  sec.  This  may  be  shewn  by  rotating  rapidly 
before  the  eye  a  disc  arranged  with  alternate  black  and  white  sectow 
of  equal  width.     With  a  faint  illumination,  the  flickering  indicative 
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of  the  successive  sensations  from  the  white  sectors  not  being  com- 
pletely fused,  ceases  when  the  rotation  becomes  so  rapid  that  each 
pair  of  black  and  white  sectors  takes  only  -^  sec.  in  passing  before 
the  eye.  When  a  brighter  illumination  is  used  the  rapidity  must 
be  increased  before  the  flickering  disappears.  That  part  of  the 
sensation  which  is  recognized  as  lasting  after  the  cessation  of  the 
stimulus  is  frequently  spoken  of  as  the  '  after-image.' 

Though  the  sensation  is  longer  with  the  stronger  light  (that  from 
looking  at  the  sun  lasting  for  some  time)  the  commencement  of  the 
decline  begins  relatively  earlier,  hence  the  greater  difficulty  in  the  complete 
fusion  of  successive  sensations  with  the  brighter  light  The  interval  at 
which  fusion  takes  place  differs  with  different  colours,  being  shortest  with 
yellow,  intermediate  with  red,  and  longest  with  blue. 

The  duration  of  a  stimulus  necessary  to  call  forth  a  sensation  is 
exceedingly  short,  that  is  to  say,  the  number  of  vibrations  which  must 
faXL  on  the  retina  in  order  to  affect  consciousness  may  be  exceedingly 
smalL  Thus  the  shortest  possible  flash,  such  as  that  of  an  electric 
spark,  gives  rise  to  a  sensation  of  light. 

Objects  in  motion  when  illuminated  by  a  single  electric  spark  appear 
motioidess,  the  stimulus  of  the  light  reflected  from  them  ceasing  before 
they  can  make  an  appreciable  change  in  their  position.  When  a  moving 
body  is  illuminated  by  several  rapid  flashes  in  succession,  several  distinct 
images  corresponding  to  the  positions  of  the  body  during  the  several  flashes 
are  generated;  the  images  of  the  body  corresponding  to  the  several  flashes 
jEall  on  different  parts  of  the  retina. 

The  intensitv  of  the  sensation  varies  with  the  luminous  in- 
tensity of  the  object ;  a  wax  candle  appears  brighter  than  a  rushlight 
The  ratio,  however,  of  the  sensation  to  the  stimulus  is  not  a  simple 
one.  If  the  luminosity  of  an  object  be  gradually  increased  from  a 
very  feeble  stage  to  a  very  bright  one,  it  will  be  found  that  the  cor- 
responding sensations,  though  they  likewise  gradually  increase,  in- 
crease less  and  leas  slowly  than  the  luminosity;  and  at  last  an  increase 
of  the  luminosity  produces  no  appreciable  increase  of  sensation.  A 
light  when  it  reaches  a  certain  brightness,  appears  so  bright  that  we 
cannot  tell  when  it  becomes  any  brighter.  Hence  it  is  much  easier 
to  distinguish  a  slight  difference  of  brightness  between  two  feeble 
lights  than  the  same  difference  between  two  bright  lights ;  we  can 
easily  tell  the  difference  between  a  rushlight  and  a  wax  candle ;  but 
two  suns,  one  of  which  differed  from  the  other  merely  by  just  the 
number  of  luminous  rays  which  a  wax  candle  emits  in  addition  to 
those  sent  forth  by  a  rushlight,  would  appear  to  us  to  have  exactly 
the  same  brightness.  In  a  darkened  room  an  object  placed  before 
a  candle  will  throw  what  we  consider  a  deep  shadow  on  a  sheet  of 
paper,  or  any  white  surface.  If,  however,  the  sunlight  be  allowed 
to  fall  on  tne  paper  at  the  same  time  from  the  opposite  side,  the 
shadow  is  no  longer  visible.  The  difference  between  the  total  light 
reflected  from  that  part  of  the  paper  where  the  shadow  was,  and 

r.  p.  27 
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ii^'bich  is  illaminated  by  the  san  alone,  and  that  reflected  from  the 
rest  of  the  paper  which  is  illuminated  by  the  candle  as  well  as  by  the 
sun,  remains  the  same ;  yet  we  can  no  longer  appreciate  that  dif- 
ference. 

On  the  other  hand,  if  we  throw  two  shadows  on  a  white  sorfMe 
with  two  roshlights  and  more  one  rushlight  away  until  the  shadsv 
caused  by  it  ceases  to  be  visible;  and,  having  noted  Uie  ^^MuTirft  to  whidk 
it  had  to  be  moved,  repeat  the  same  experiment  with  two  wax  cuidlei; 
we  shall  find  that  the  wax  candle  has  to  be  moved  just  as  £ur  as  the 
rushlight  In  &ct,  it  is  found  by  careful  observatioii,  that  within 
tolerably  wide  limits,  the  smallest  difference  of  visual  sensation  whidi  «e 
can  appreciate  is  a  constant  fraction  (about  yj^fth)  of  the  total  luminoiitjr 
of  the  light  employed.  The  same  law  holds  good  with  regard  to  tfao 
other  senses  as  welL  The  smallest  difference  in  length  we  can  detect 
between  two  lines,  one  an  inch  long  and  the  other  a  little  less  than  an 
inch,  is  the  same  fraction  of  an  inch,  that  the  smallest  dilBerenoe  in  lei^ 
we  can  detect  between  a  line  a  foot  long  and  one  a  little  leas  than  a  ibot, 
is  of  a  foot.  Put  in  a  more  general  form  then,  the  law,  which  is  often 
called  Weber's  law,  is  as  follows:  When  a  stimulus  is  eontinaally  increaaed, 
the  smallest  increase  of  sensation  idiidi  we  can  a]^xeciate  remains  the  auae 
if  the  proportion  of  the  increase  of  stimulus  to  the  whole  stimulus  reflsamB 
the  same:  that  is  to  say,  the  one  varies  directly  as  the  other.  Fechner,  n- 
garding  sensation  as  the  summation  of  a  series  of  incremoitB  <^  nrntiaty" 
coiresponding  to  increments  of  stimulus,  and  "**^**g  use  of  the  matbe 
matical  operation  of  integration,  transformed  the  above  statement  into  tbe 
exprrasion  that  ^sensaticm  vmries,  not  as  the  stimulus,  but  as  tlie 
Ic^rarithm  of  the  stimulu&''  This  expression  is  frequently  spoken  of 
as  F^^huer* s  formula*  or  Fechner  s  law.  It  must  be  remembered,  howeTer, 
that  Wel^r  s  law.  on  which  Fechner  s  formula  is  based,  is  true  within 
cenain  limits  only.  The  laner  inde^  must  be  considered  rather  as  a 
useiul  aud  convenient  thiin  as  an  exact  expressions 

Bistinctioii  and  Fosion  of  Sensatiana.    When  light  faUs  on  t 

Iarv^>  ]x^nion  ot  the  reiina  the  total  sensation  produced  is  greater  in 
i:».'KV.';f  th;m  when  a  sir^all  ps?rtion  only  of  the  retina  is  affected; 
a  lar^^  piece  of  white  paper  producres  a  greater  total  effect  on  our 

At 
•  W^Vk-'^  jivEiAThe$u»d=^&ibe:iui.-;iZTms  A>=r — ,  vhereASisthesmiDcst 
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svviwUMt  izrrv:::*'!::  of  S4mf;iu>.'^  ca2s«£vl  rj  Ar.  tie  ccKiv^pondiiig  increment  of  tbe 

1{  f  W  didinii^Md  iber^  viH  >e  a  ^r%&i=.  ti2:i<  cf  r  as  i^eh  all  seasasioo  eetses; 
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consciousness  than  a  small  one,  though,  if  the  surfaces  be  uniformly 
and  equally  illuminated,  the  intensity  of  the  sensation  is  in  each  case 
the  same ;  the  small  piece  of  paper  appears  as  bright  or  as  'white'  as 
the  large  one.  If  the  images  of  two  luminous  objects  fall  on  the 
retina  at  sufficient  distances  apart,  the  consequent  sensations  are 
distinct,  and  the  intensity  of  each  sensation  will  depend  solely  i^pon 
the  luminosity  of  the  corresponding  object.  If  however  the  two 
objects  are  made  to  approach  each  other,  a  point  will  be  reached  at 
which  the  two  sensations  are  fused  into  one.  When  this  occurs  the 
intensity  of  the  total  sensation  produced  will  be  greater  than  that 
of  either  of  the  sensations  caused  by  the  single  objects.  A  number 
of  luminous  points  scattered  over  a  wide  surface  would  appear  each 
to  have  a  certain  brightness ;  each  would  give  rise  to  a  sensation  of 
a  certain  intensity.  If  they  were  all  gathered  into  one  spot,  that 
spot  would  appear  £eur  brighter  than  any  of  the  previous  points ;  the 
intensity  of  the  sensation  would  be  greater.  We  may  therefore  sup- 
pose the  retina  to  be  divided  into  areas  corresponding  to  sensational 
units.  If  the  images  from  two  luminous  objects  fall  on  separate 
visual  areas,  if  we  may  so  call  them,  two  distinct  sensations  will  be 
produced ;  if,  on  the  contrary,  they  both  fall  on  the  same  visual  area, 
one  sensation  only  will  be  produced.  Where  the  sensations  are 
separate,  the  intensity  of  the  one  (with  exceptions  hereafter  to  be 
mentioned)  is  not  affected  by  the  presence  of  the  other ;  but  where 
they  become  fused  the  intensitv  of  the  united  sensations  is  greater 
than  either  of,  though  not  equal  to  the  sum  of,  the  single  sensations. 
The  existence  of  these  sensational  units  is  the  basis  of  distinct  vision. 
When  we  speak  of  the  smallest  size  visible  or  distinguishable,  we 
are  referring  to  the  dimensions  of  the  retinal  areas  corresponding 
to  these  sensational  units.  The  retinal  area  must  be  carefully  dis- 
tinguished from  the  sensational  unit,  for  the  sensation  is,  as  we 
have  seen,  a  process  whose  arena  stretches  from  the  retina  to  certain 
parts  of  the  brain,  and  the  circumscription  of  the  sensational  unit, 
though  it  must  begin  as  a  retinal  area,  must  also  be  continued  as  a 
cerebral  area  in  the  brain,  the  latter  corresponding  to,  and  being  as 
it  were  the  projection  of,  the  former.  With  most  people  two  stars 
appear  as  a  single  star  when  the  distance  between  them  subtends 
an  angle  of  less  than  60  seconds ;  and  Weber  found  that  the  best 
eyes  failed  to  distinguish  two  parallel  white  streaks  whose  median 
lines  were  at  a  distance  less  than  that  subtending  an  angle  of  73 
seconds.  Hirschmann^  could  distinguish  objects  50  seconds  distant 
from  each  other.  An  angle  of  73  seconds  in  an  object  corresponds 
in  the  diagrammatic  eye  (see  p.  398)  to  the  length  of  5*26  /lc*  in  tho 
retinal  image,  and  one  of  50  seconds  to  3'65  /i. 

Max  Schultze'  counted  50  cones  along  a  line  of  200 /i  in  length 
drawn  through  the  centre  of  the  yellow  spot ;  this  would  give  4  fi  for 


1  Quoted  by  Helmholtz,  Phyt,  Optik.  p.  S41. 
*  hy  fiiB  meant  one-thoasandth  of  a  millimetre, 
s  Strieker,  Handbuch,  p.  1023. 
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the  distance  between  the  centres  of  two  adjoining  cones  in  the  yellow 

rt,  the  average  diameter  of  a  cone  at  its  widest  part  beingS/*  and 
re  being  slight  intervals  between  neighbouring  cones.  Henoe  if 
we  take  the  centre  of  a  cone  as  the  centre  of  an  anatomical  retinal 
area,  these  anatomical  areas  correspond  very  fsiirly  to  the  phyfdo- 
logical  visual  areas  as  determined  above. 

That  is  to  say,  if  two  points  of  the  retinal  image  are  leas  than  if, 
apart,  they  may  both  lie  within  the  area  of  a  single  cone ;  and  it  is  just 
when  they  are  less  than  about  4/li  apart  that  they  cease  to  give  liae  to  two 
distinct  sensationa  It  must  be  remembered,  however,  that  the  fusion  or 
distinction  of  the  sensations  is  tdtimately  determined  by  the  brain  and  not 
by  the  retina.  Two  points  of  the  retinal  image  leas  than  4  ft  apart  mig^t 
lie  both  within  the  area  of  a  single  cone ;  but  the  reason  why,  under  sodi 
circumstances,  they  give  rise  to  one  sensation  only  is  not  because  one  oone- 
fibre  only  is  stimulated.  Two  points  of  a  retrnal  image  might  lie^  one  on  the 
area  of  one  cone  and  another  on  the  area  of  an  adjoining  cone,  and  itill  be 
less  than  4  /i  apart ;  in  such  a  case  two  cone-fibres  wonld  be  stimulated,  and 
yet  only  one  sensation  would  be  produced.  So  also  in  the  leas  sensitire 
peripheral  parts  of  the  retina  two  points  of  the  retinal  image  might  stimu- 
late two  cones  a  considerable  distance  apart^  and  yet  give  rise  to  one  sensi- 
tion  only. 

In  the  case  where  the  two  points  lie  entirely  within  the  area  of  a  sin^^ 
cone,  it  is  exceedingly  probable  that,  even  if  the  adjacent  cones  or  oone-filnres 
in  the  retina  are  not  at  the  same  time  stimulated,  impulses  radiate  hem  the 
cerebral  ending  of  the  excited  cone  into  the  neighbouring  cerebral  endingi 
of  the  neighbouring  cones ;  in  other  words,  the  sensation-area  in  the  hndn 
does  not  exactly  correspond  to  and  is  not  sharply  defined  like  the  retisil 
area,  but  gradually  fades  away  into  neighbouring  sensation-areas.     We  ma? 
imagine  two  ])oints  of  the  retinal  image  so  far  apart  that  even  the  extreme 
margins  of  their  respective  cerebral  sensation-areas  do  not  touch  each  other 
in  the  least ;  in  such  a  case  there  can  be  no  doubt  about  the  two  points 
giving  rise  to  two  sensations.     We  might,  however,  imagine  a  second  case 
where  two  points  were  just  so  far  apart  that  their  respective  sensaticsh 
areas  should  coalesce  at  their  margins,  and  yet  that  in  passing  from  the 
centre  of  one  sensation-area  to  the  centre  of  the  other,  we  should  find  on 
examination  a  considerable  fall  of  sensation  at  the  junction  of  the  two  areas; 
and  in  a  third  case  we  might  imagine  the  two  centres  to  be  so  close  to  etdi 
other  that  in  passing  from  one  to  the  other  no  appreciable  diminution  of 
sensation  could  be  discovered.     In  the  last  case  there  would  be  but  ooe 
sensation,  in  the  second  there  might  still  be  two  sensations  if  the  marginal 
fall  were  great  enough,  even  though  the  areas  partially  coalesced.    Thus, 
though  the  mosaic  of  rods  and  cones  is  the  basis  of  distinct  vision,  the  dis- 
tinction or  fusion  of  two  visual  impulses  is  ultimately  determined  by  the 
disposition  and  condition  of  the  cerebral  centres.     Hence  the  possibility  of 
increasing  by  exercise  the  faculty  of  distinguishing  two  sensations.    This 
however  is  even  more  strikingly  shewn  in  touch  than  in  sight. 

Colour  Sensations. 

Wben  we  allow  sunlight  reflected  from  a  qloud  or  sheet  of 
paper  to  fall  into  the  eye,  we  have  a  sensation  which  we  call  a 
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sensation  of  white  light.  When  we  look  at  the  same  light  through 
a  prism,  and  allow  different  parts  of  the  spectrum  to  fall  in  suc- 
cession into  the  eye,  we  have  sensations  which  we  call  respectively 
sensations  of  red,  yellow,  green  and  blue  light.  In  other  words,  rays 
of  light  falling  on  the  retina  give  rise  to  different  sensations,  accord- 
ing to  the  wave-lengths  of  the  rays.  Though  we  speak  of  the  spec- 
trum as  consisting  of  a  few  colours — red,  green,  &c.,  there  are  an 
almost  infinite  number  of  intermediate  tints  in  the  spectrum  itself; 
and  we  perceive  in  external  nature  a  large  number  of  colours,  such  as 
purple,  brown,  grey,  &c.,  which  do  not  correspond  to  any  of  the 
colour  sensations  gained  by  regarding  the  successive  parts  of  the  spec- 
trum. We  find  however,  on  examination,  that  many  apparently 
distinct  colour  sensations  may  be  obtained  by  the  fusion  of  two  or 
more  other  colour  sensations.  Thus  purple,  which  is  not  present  in 
the  spectrum,  may  be  at  once  produced  by  fusing  the  sensations  of 
blue  and  red  in  proper  proportions ;  and  the  various  tints  and  shades 
of  nature  may  be  imitated  by  fusing  a  particular  colour  sensation 
with  the  sensation  of  white,  or  by  allowing  a  certain  quantity  of 
li^ht  of  a  particular  colour  to  fall  sparsely  over  the  area  of  the  retina, 
wnich  is  at  the  same  time  protected  from  the  access  of  any  other 
light,  %.e.  as  we  say,  by  mixing  the  colour  with  black.  Thus  the 
browns  of  nature  result  from  various  admixtures  of  yellow,  red,  white 
and  black;  and  a  small  quantity  of  white  light,  scattered  over  a  large 
area  of  the  retina,  t.  e.  white  largely  mixed  with  black,  forms  a  grey. 
In  fact,  the  qualities  of  a  colour  depend  (1)  on  the  nature  of  the  pris- 
matic colour  or  colours  falling  on  a  given  area  of  the  retina,  t.  e.  on 
the  wave-lengths  of  the  constituent  rays ;  (2)  on  the  amount  of  this 
coloured  light  which  falls  on  the  area  of  the  retina  in  a  given  time ; 
and  (3)  on  the  amount  of  white  light  falling  on  the  same  area  at  the 
same  time.  When  rays  corresponding  to  a  prismatic  colour  fall  upon 
the  retina  unaccompanied  by  any  white  light,  the  colour  is  said  to  be 
'  saturated ' ;  and  a  colour  is  spoken  of  as  more  or  less  saturated  ac- 
cording as  it  is  mixed  with  less  or  more  white  light.  We  are  guided 
by  the  first  of  the  above  conditions  when  we  describe  a  colour  as  being 
of  such  a  tint  or  hue.  But  we  have  no  common  phrases  by  which  we 
distinguish  the  second  of  the  above  conditions  from  the  third.  The 
word  *pale,*  it  is  true,  is  most  frequently  used  to  express  a  colour 
very  slightly  saturated;  but  the  words  'rich'  or  'deep'  are  used 
sometimes  as  meaning  highly  saturated,  sometimes  as  meaning  simply 
that  a  large  quantity  of  light  of  the  particular  hue  is  passmg  into 
the  eye.  So  also  with  the  phrase  '  bright' ;  this  we  often  use  when  a 
large  amount  of  coloured  and  white  light  fall  at  the  same  time  on 
the  same  retinal  area,  but  we  sometimes  also  use  it  to  express  the 
mere  intensity  of  the  sensation  independent  of  the  amount  of  satu- 
ration. 

The  best  method  of  fusing  colour  sensations  is  that  adopted  by  Maxwell, 
of  allowing  two  different  parts  of  the  spectrum  to  fall  on  the  «ia:uiQ  \«kX\4 
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of  the  retina  at  the  same  time.  The  use  of  the  pure  prismatic  ooloan 
eliminates  errors  which  arise  when  pigments,  the  colours  of  which  are  not 
pore,  but  mixed,  are  employed.  And  where  pigments  are  used  it  is  tlie 
sensations  which  must  be  mixed  and  not  the  pigments  themselves.  Thus 
while  the  sensations  of  yellow  and  indigo  when  fused  give  rise  to  a  sensa- 
tion of  white,  yellow  and  indigo  pigments  when  mixeii  appear  green  on 
account  of  their  reciprocally  absorbing  part  of  each  other's  colour ;  the  indigo 
particles  absorb  the  red  of  the  yellow,  and  the  yellow  particles  absorb  t^ 
blue  of  the  indigo,  so  that  only  green  is  left  for  both  to  reflect.  When  pun 
pigments,  i.  e.  pigments  corresponding  as  closely  as  possible  to  the  prismatic 
colours,  are  used,  satisfactory  results  may  be  gained,  either  by  using  the 
reflection  of  the  image  of  one  pigment  so  that  it  fedls  on  the  retina  at 
the  same  spot  as  the  direct  image  of  the  other,  or  by  allowing  the  image 
of  one  pigment  to  fall  on  the  retina  before  the  sensation  produced  by 
the  other  has  passed  away.  The  first  result  is  easily  reached  by  Helmholtz's 
simple  method  of  placing  two  pieces  of  coloured  paper  a  Httle  distance 
apart  on  a  table,  one  on  each  side  of  a  glass  plate  indined  at  an  angle. 
By  looking  down  with  one  eye  on  the  glass  plate  the  reflected  image  of 
the  one  paper  may  be  made  to  coincide  with  the  direct  image  of  the  other, 
the  angle  which  the  glass  plate  makes  with  the  table  being  adjusted  to  the 
distance  between  the  pieces  of  paper.  In  the  second  method,  the '  ooloar 
top '  is  used ;  sectors  of  the  colours  to  be  investigated  are  placed  on  a 
disc  made  to  rotate  very  rapidly,  and  the  image  of  one  colour  is  thus 
brought  to  bear  on  the  retina  so  soon  after  the  image  of  another,  that  the 
two  sensations  are  fused  into  one. 

When  the  sensations  corresponding  to  the  several  prismatic 
coloui's  are  fused  together  in  various  combinations,  the  following 
remarkable  results  are  brought  about. 

1,  When  red  and  yellow  in  certain  proportions  are  mixed  to- 
gether the  result  is  a  sensation  of  orange,  quite  indistinguishable 
from  the  orange  of  the  spectrum  itself.  Now  the  latter  is  produced 
by  rays  of  certain  wave-length,  whereas  the  rays  of  red  and  of  yellow 
are  respectively  of  quite  a  diflferent  wave-length.  The  orange  of  the 
spectrum  cannot  be  made  up  by  any  mixture  of  the  red  ani  tiie 
yellow  of  the  spectrum  in  the  sense  that  the  red  and  yellow  rays  can 
unite  together  to  form  rays  of  the  same  wave-length  as  the  orange 
rays ;  the  three  things  are  absolutely  different.  It  is  simply  the 
mixed  sensation  of  the  red  and  yellow  which  is  "feo  like  the  sensation 
of  orange;  the  mixture  is  entirely  and  absolutely  a  physiological 
one.  And  since  we  must  suppose  that  rays  of  diflFerent  wave-length 
give  rise  to  different  sensory  impulses,  and  that  the  sensory  im- 
pulses generated  by  orange  rays  are  different  from  those  generated 
{)y  red  and  by  yellow  rays,  we  are  led  to  infer  either  that  the  sensory 
impulses  which  rays  of  a  given  wave-length  originate  are  themselves 
of  a  mixed  character,  or  that  the  mixture  takes  place  at  the  dme 
when  the  sensory  impulses  are  becoming  converted  into  sensations. 
The  first  of  these  views  is  the  one  generally  adopted. 

2.  When  certain  colours  are  mixed  together  in  pairs  in  certain 
definite  proportions,  the  result  is  white.    These  colours  are 


Chap,  n.] 


SIGHT. 


423 


Bed  (near  a)*,  and  Blue-Green  (near  F), 

Orange  (near  C),  and  Blue  (between  F  and  G), 

Yellow  fnear  D),  and  Indigo-Blue  (near  G), 

Green-Yellow  (near  E),  and  Violet  (between  G  and  H), 

and  are  said  to  be  *  complementary'  to  each  other.  To  these  might 
be  added  the  peculiar  non-prismatic  colour  purple,  which  with  green 
also  gives  white. 

3,  If  we  select  arbitrarily  any  three  distinct  colours,  %,e.  any 
three  parts  of  the  spectrum  sufficiently  far  apart,  say  red,  green,  and 
blue,  we  can,  by  a  proper  adjustment  of  the  proportions  of  each, 
produce  white.  Further,  by  a  proper  addition  of  white,  these  three 
colours  can  be  taken  in  such  proportions  as  to  produce  the  sensations 
of  all  other  colours.  That  is  to  say,  given  three  standard  sensations, 
all  the  other  sensations  may  be  gained  by  the  proper  mixture  of 
these. 

If  we  suppose  that  the  visual  apparatus  is  so  constructed  that  we 
possess  three  standard  sensations,  and  that  rays  of  different  wave-length 
produce  all  three  of  these  sensations  to  a  different  extent  accord- 
ing to  their  wave-length,  we  can  easily  regard  the  whole  of  our  sensa- 
tions of  colour  as  compounds  of  three  'primary  colour  sensations.' 
We  might  thus  represent  our  colour  sensations  by  such  a  diagram  as 
that  given  in  Fig.  46,  where  one  primary  sensation  is  seen  to  be  pro- 


Fio.  46.    DiAOBAic  OF  Thbbb  Pbixabt  Colour  Sbnbitioms. 

I  ii  the  lo-oalled  '  red,*  2  '  green/  and  3  '  yiolet  *  primary  colour  sensation.  RyO,  F,  ^. 
represent  the  red,  orange,  yellow,  &o.,  colour  of  tne  spectrum,  and  the  diagram 
■hewa,  by  the  height  of  the  curve  in  each  case,  to  what  extent  the  several  primary 
colour  sensations  are  respectively  excited  by  vibrations  of  different  wave-lengths. 

duoed  in  greatest  intensity  by  the  ravs  at  the  red  end  of  the  spec- 
trum, the  second  by  those  near  the  middle,  and  the  third  by  those  at 
the  violet  end  of  the  spectrum.  Under  this  view  orange  rays  are 
those  which  produce  much  of  the  first  sensation,  less  of  the  second, 
and  hardly  anv  of  the  third;  whereas  blue  rays  produce  much  of  the 
third,  less  of  the  second,  and  hardly  any  of  the  first;  and  so  on. 

^  These  letters  refer  to  Frauenhofefs  linea. 
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This  theory  of  three  primary  colour  Bensations  we  owe  to  Yoong;  bat 
since  its  general  acceptance  has  been  largely  due  to  the  labours  of  Hehn- 
holtz,  it  is  frequently  spoken  of  as  the  Young-Helmholtz  theory.    Toong^s 
view  took  the  form  of  the  hypothesis  that  there  were  present  in  the  retinA 
three  sets  of  fibres,  each  set  corresponding  to  a  primary  colour  Beosatkn, 
and  being  sensitive  in  a  different  degree  to  the  Tarious  rays  of  light 
In  the  retina  itself  no  such  distinction  of  fibres  can  be  found.     We  an 
entirely  in  the  dark  concerDing  the  anatomical  basis  not  only  of  cdoor 
sensations  but  also  of  vision  as  a  whole.     We  have  reason  to  tiiink,  as  we 
shall  presently  shew,  that  visual  impulses  are  started  in  that  part  of  the 
retina  which  lies  beyond  the  retinal  blood-vessels ;  but  in  the  generati(xi  of 
those  impulses  we  can  assign  no  exact  functions  to  rods  or  cones,  to  rod 
fibres  or  cone  fibres,  or  to  the  various  bodies  constituting  the  extenial 
nuclear  layer.     The  view  that  the  cones  rather  than  the  rods  of  the  letma 
are  concerned  in  colour  vision  cannot  be  regarded  as  established.     The 
argument  that  cones  are  absent  from  the  retinas  of  nocturnal  animals,  re- 
mains invalid  until  it  has  been  proved  that  these  animals  are  colour-blind; 
and  the  argument  that  in  the  fo¥ea  centralis  cones  only  exist,  may  be  used 
equally  well  to  prove  that  the  rods  are  of  no  use  in  vision  at  alL    In  the 
eyes  of  Birds,  Eeptiles  and  Amphibia,  coloured  globules  (red  or  yellow)  are 
found  in  the  cones  at  the  jimction  of  the  inner  and  outer  limbs.    It  has 
been  suggested  that  these  are  connected  with  colour  vision,  the  cones  with 
red  globules,  for  instance,  allowing  red  light  only  to  pass  through  the  inner 
limb  and  impinge  on  the  outer  limb,  so  that  these  cones  would  serve  as 
organs  for  seeing  red.     But  this  is  very  doubtful. 

The  Young-Helmholtz  theory  has  not  been  accepted  by  all  inquirers. 
Its  most  serious  op|)onent  at  the  present  time  is  Hering\  who,  following 
Aubert',  and  indeed  Leonardo  Da  Yinci,  maintains  that  the  primaiy 
visual  sensations  are  white,  black,  red,  yellow,  green,  and  blua  He  «»• 
siders  that  these  several  sensations  arise  as  the  results  of  changes  in  what 
may  be  called  the  visual  substance  of  the  visual  nervous  apparatus,  those 
changes  which  give  rise  to  black,  green,  and  blue  being  essentially  pro- 
cesses of  assimilation  or  construction  of  the  visual  substance,  while  those 
which  give  rise  to  white,  red,  and  yellow  are  processes  of  dissimilation,  or 
destruction  of  the  visual  substance.  Black  and  white,  green  and  red,  blue 
and  yellow,  form  accordingly  antagonistic  rather  than  complementary  pairs, 
and  the  visual  organ  is  conceived  of  as  never  existing  during  life,  in  a  state 
of  complete  rest.  A  satisfactory  discussion  of  the  relative  merits  of  this 
and  of  the  generally  accepted  view,  would  lead  us  beyond  the  proper  limits 
of  this  work,  but  Hering  uses  his  view  with  great  ability  to  explain  the 
obscure  phenomena  of  *  contrasts'  (see  p.  433)  and  'negative  images' 
(p.  426). 

Admitting,  however,  that  the  hypothesis  of  three  primary  colour 
sensations  explains  many  of  the  phenomena  of  colour  vision,  there 
still  remains  the  question,  'What  are  the  three  primary  colour  sen- 
sations V  We  have  spoken  of  any  three  arbitrarily  selected  colour 
sensations  producing  by  manipulation  all  the  other  colour  sensations; 
but,  of  what  kind  are  the  three  sensations  which  may  be  considered 

1  Zur  Lehre  vom  Lichtsinne,    Wieru  Sitzungsbericht.  Livi.  (1872)  LXYzn.  LXO.  in. 
'  Fhysiulogie  der  Netzhaut,    1866. 
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as  the  actual  primary  sensations  ?  We  cannot  enter  here  into  the 
discussion  of  this  question;  and  may  simply  state  that  the  most 
generally  accepted  view  is,  that  the  three  pnmary  sensations  corre- 
spond to  what  we  call  red,  green,  and  violet;  and  in  the  diagram, 
Fig.  46,  the  upper  figure  represents  this  primary  red  sensation,  the 
middle  figure  green,  and  the  lower  violet 

Colour  BlindnefiS.  All  persons  vary  much  in  their  power  of  dis- 
criminating and  appreciating  colour,  %,e,  in  the  intensity  and  accuracy 
of  their  colour  sensations ;  but  some  people  regard  as  similar,  colours 
which  to  most  people  are  glaringly  distinct,  and  these  persons  are 
said  to  be  '  colour  blind/  The  most  common  form  of  colour  blindness 
is  that  of  persons  unable  to  distinguish  mreen  and  red  from  each  other. 
As  in  the  case  of  Dalton,  they  tell  a  red  gown  lying  on  a  green  grass 

Elot,  or  a  red  cherry  among  the  green  leaves,  by  its  form,  and  not 
V  its  colour.  They  confound  not  only  red,  brown,  and  green,  but 
also  rose,  purple,  and  blue.  They  cannot  see  the  red  end  of  the 
spectrum,  all  this  part  appearing  to  them  dark.  Their  vision  is  best 
explained  by  supposing  that  they  lack  altogether  the  primary  sensa- 
tion of  red. 

Hence  they  probably  see  in  tbe  spectrum  only  two  colours,  blue  and 
green,  with  various  tints;  our  red,  orange,  yellow  and  green  appearing 
green,  and  all  the  rest  blue,  green-blue  being  to  them  a  kind  of  grey.  Since 
the  sensation  of  green  seems  to  be  ahaolutdy  most  intense  in  that  part  of 
the  spectrum  which  we  call  yellow,  though  of  course  relatively  to  the  other 
two  primary  sensations  most  intense  in  the  green,  our  yellow  probably 
oorresponds  in  them  to  the  sensation  of  a  bright  deep  green.  All  the 
colours  they  see  can,  in  fact,  be  produced  by  mixtui'es  of  ydlow  and  blue. 

Cases  in  which  the  other  primary  sensations  may  be  supposed  to  be 
absent,  f.0.  green  blindness  and  violet  blindness,  are  much  more  rare,  and 
have  not  as  yet  been  examined  with  sufficient  completeness. 

Influence  of  (he  pigment  of  the  ydUv)  apoL  In  the  macula  lutea, 
which  part  of  the  retina  we  use  chiefly  for  vision,  images  falling  on  other 
parts  of  the  retina  being  said  to  give  rise  to  '  indirect  vision,'  the  yellow 
pigment  absorbs  some  of  the  greenish-blue  rays.  Hence  all  that  which  we 
are  in  the  habit  of  calling  white  is  in  reality  more  or  less  yellow.  We  may 
use  this  feature  of  the  yellow  spot  for  the  purpose  of  making  the  spot,  so 
to  speak,  visible  to  ourselves,  by  an  experiment  suggested  by  MaxwelL  A 
solution  of  chrome  alum,  which  only  transmits  red  and  greenish-blue  rays, 
is  held  up  between  the  eye  and  a  white  cloud.  The  greenish-blue  rays  are 
absorbed  by  the  yellow  spot,  and  here  the  light  gives  rise  to  a  sensation  of 
red ;  whereas  in  the  rest  of  the  field  of  vision,  the  sensation  is  that  ordi- 
narily produced  by  the  purplish  solution.  The  yellow  spot  is  consequently 
marked  out  as  a  rosy  patch.     This  very  soon  however  dies  away. 

In  speaking  of  sensation  as  a  function  of  the  stimulus,  p.  417,  we 
velerred  to  white  light  only;  but  the  different  colom*s  are  unequal  in  the 
xdations  borne  by  the  intensity  of  the  stimulus  to  the  amount  of  sensation 
prodnced.  Thus  the  more  refrangible  blue  rays  produce  a  sensation  more 
readily  than  the  yellow  or  red  rays.     Hence  in  dim  lights^  as  tJio\»&  q& 
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evening  and  moonlight,  the  blues  preponderate,  and  the  reds  and  yeDowi 
are  less  obvious.  So  also  when  a  landscape  is  viewed  throngii  a  yellow  gUa, 
the  yellow  hue  suggests  to  the  mind  bright  sunlight  and  sommer  westher, 
although  the  actual  illumination  which  reaches  the  eye  is  <iitniniAiJ  bj 
the  glass.  Conversely  when  the  same  landscape  is  viewed  through  a  Une 
glass  the  idea  of  moonlight  or  winter  is  suggested. 

The  theory  of  primary  colour  sensations  may  be  used  to  explain  wbj 
any  coloured  light,  if  nuule  sufficiently  intense,  appears  white.  Thu  t 
violet  light  of  moderate  intensity  appears  violet  because  it  excites  tiie 
primary  sensation  of  violet  much  more  than  those  of  green  and  red.  If 
the  stimulus  be  increased  the  maximum  of  violet  stimulation  will  be 
reached,  while  the  stimulation  of  green  will  continue  to  be  increased  tnd 
even  that  of  red  to  a  slight  degree.  The  result  will  be  that  the  light 
appears  violet  mixed  with  green,  that  is  blue.  If  the  stimulus  be  sdU 
further  increased  while  the  green  and  violet  are  both  excited  to  the  msxi- 
mum,  the  red  stimulation  may  be  increased  until  the  result  is  violet,  green, 
and  red  in  the  proportions  which  make  white  light.  And  so  with  li^ 
of  other  colours. 

After-Imafes.  We  have  already  seen  that  In  vision  the  sensi- 
tion  lasts  much  longer  than  the  stimulus.  Under  certain  ciicam- 
stances,  such  as  condition  of  the  eye,  intensity  of  the  stimulus,  &0.,  the 
sensation  is  so  prolonged,  that  it  is  spoken  of  as  an  after-image: 
Thus,  if  the  eye  be  directed  to  the  sun,  the  image  of  that  body  is 
present  for  a  long  while  after ;  and  if,  on  early  waking,  the  eye  be  di> 
rocted  to  the  window  for  an  instant  and  then  dosed,  an  image  dl  the 
window  with  its  bright  panes  and  darker  sashes,  the  various  parts 
being  of  the  same  colour  as  the  object,  will  remain  for  an  appreciable 
time.  These  images,  which  are  simply  continuations  of  the  sensation, 
an:>  spoken  of  as  positire  afier-images.  They  are  best  seen  after  a 
momontary  exposure  of  the  eve  to  the  stimulus. 

When,  however,  the  eye  lias  been  for  some  time  subject  to  a  sti- 
mulus, tho  sensation  which  follows  the  withdrawal  of  the  stimulus  is 
of  a  di Aeront  kind ;  what  is  called  a  negative  after-image,  or  negaiitt 
imaat.  is  pnxluceil.  If,  after  looking  stedfastly  at  a  white  patch  on  s 
black  ground,  the  eye  be  turned  to  a  white  ground,  a  grey  patch  is 
scon  for  s^Mue  little  time,  A  black  patch  on  a  white  ground  similariy 
ijivos  riso  on  a  gn>y  ground  to  a  negative  image  of  a  white  patch 
This  may  Iv  oxplaineil  as  the  r^^ult  of  exhaustion.  When  the  white 
jv\toh  hiis  Kvn  looked  at  steadily  for  some  time,  that  part  of  the 
retina  on  which  the  image  of  the  patch  fell  becomes  tired ;  hence 
tho  >vhito  lisrht  c^^ming  from  the  white  ground  subsequently  looked 
at>  which  fill  Is  on  this  part  of  the  retina,  does  not  produce  so  much 
siMisatiou  as  in  other  pans  of  the  retina:  and  the  image,  consequently, 
i*pjx\*irs  grt\v.  And  so  in  the  other  instance,  the  whole  of  the  retina 
is  tirevl«  exivpt  at  the  patch  ;  her^  the  retina  is  for  a  while  most  sen- 
sitive, Mid  heiuv  ilie  white  negative  image. 

When  a  rtnl  patch  is  looked  at,  the  negative  image  is  a  green 
blue,  that  is,  the  c\>Iour  of  the  negative  image  is  complementary  to  that 
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if  the  object.  Thus  also  orange  produces  a  blue,  green  a  pink,  yellow 
in  indigo-blue,  negative  image ;  and  so  on.  This  too  can  be  explained 
18  a  result  of  exhaustion.  When  the  coloured  patch  is  looked  at,  one 
vf  the  primary  colour  sensations  is  much  exhausted,  and  the  other 
>wo  less  so,  in  varying  proportions,  according  to  the  exact  nature  of 
he  colour  of  the  patch ;  and  the  less  exhausted  sensations  become 
nrominent  in  the  after-image.  Thus,  the  red  patch  exhausts  the  red 
ensation,  and  the  negative  image  is  made  up  chiefly  of  green  and 
due  sensations,  that  is,  appears  to  be  greenish  blue,  or  bluish  green, 
icoording  to  the  tint  of  the  red.  Similarly,  when  the  eye,  after  look- 
iig  at  a  coloured  patch,  is  turned  to  a  coloured  ground,  the  effects 
nay  easily  be  explained  by  reference  to  the  comparative  exhaustion 
i  the  colour  sensations  excited  by  the  patch  and  the  ground  respec- 
ively ;  if  a  yellow  (i.  6.  a  green  and  red)  ground  be  chosen  after 
Doking  at  a  green  object,  the  negative  image  will  appear  of  a  reddish 
'ellow,  and  so  on. 

What  is  not  so  clear  is  why  negative  images  should  make  their  appear- 
Doe  without  any  subsequent  stimulation  of  the  retina.  When  the  eyes 
ra  shut  and  all  access  of  light,  even  through  the  eyeUds,  carefully  avoided, 
be  field  of  vision  is  not  absolutely  dark ;  there  is  still  a  sensation  of  light, 
be  80-called  'proper  light'  of  the  retina.  If  a  white  patch  on  a  black 
round  be  looked  at  for  some  time,  and  the  eyes  then  shut,  a  negative 
ileok)  image  of  the  spot  will  be  seen  on  the  ground  of  the  *  proper  light ' 
f  the  retina,  having  in  its  immediate  neighbourhood  a  specially  bright 
ynmsL,  So  also,  if  a  window  be  looked  at  and  the  eyes  then  closed,  the 
CMitive  after-image  with  bright  panes  and  dark  sashes  gives  rise  to  a 
B^atiTe  after-image  with  bright  sashes  and  dark  panes ;  and  similar  effects 
ppear  with  colours.  Plateau*  has  attempted  to  explain  the  various  phe- 
omena  of  after-images  by  supposing  oscillations  to  take  place  in  some  part 
r  the  visual  apparatus ;  but  the  matter  is  surrounded  with  difficulties*. 


Sec.  3.    Visual  Perceptions. 

Hitherto  we  have  studied  sensations  only,  and  have  considered 
n  external  object,  such  as  a  tree,  as  simply  a  source  of  so  many 
iistinct  sensations,  differing  from  each  other  in  intensity  and  kind 
colour).  In  the  mind  these  sensations  are  coordinated  into  a  per- 
epiion.  We  are  not  only  conscious  of  a  number  of  sensations  of 
in^t  and  dim  lights,  of  green,  brown,  black,  &c.,  but  these  sen- 
aiions  are  so  arranged,  by  virtue  of  cerebral  processes,  that  we  'see  a 
ree«*  There  is,  as  is  often  said,  a  mental  image  in  the  brain  cor- 
eq)onding  to  the  physical  image  on  the  retina. 

When  we  look  upon  the  external  world,  a  variety  of  images  are 
brmed  at  the  same  time  on  the  retina,  and  give  rise  to  a  number  of 
ontemporaneous  visual  sensations.    The  sum  of  these  sensations 

^  Thiarie  gin,  de$  Apparenee$  vituelUi.    Brnxellei*,  1S34. 
*  Cf.  Hering,  op.  eiU 
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constitutes  'the  field  of  vision,*  which  varies  of  course  with  every 
movement  of  the  eye.  This  field  of  ^dsion,  being  in  reality  an  agre- 
gate  of  sensations,  is  of  course  a  subjective  matter;  but  we  are  in  the 
habit  of  using  the  same  phrase  to  denote  the  sum  of  external  objecu 
which  give  rise  to  the  aggregate  of  sensations;  in  common  language 
the  field  of  vision  is  'all  that  we  can  see'  in  any  position  of  the  eve, 
and  we  have  a  field  of  vision  for  each  eye  separately  and  for  the  two 
eves  combined. 

Using  for  the  present  the  words  in  their  subjective  sense,  we  may 
remark,  that  we  are  able  to  assign  to  each  constituent  sensation  its 
place  among  the  aggregate  of  sensations  constituting  the  field  of 
vision :  we  can,  as  we  say,  localise  the  sensation.  We  can  say 
whether  it  belongs  to  (what  we  regard  as)  the  right-hand  or  left- 
hand,  the  upper  or  the  lower  part,  of  the  field  of  vision.  We  are 
able  to  distinguish  the  relative  positions  of  any  two  distinct  sensa- 
tions; and  the  relative  positions,  together  with  the  relative  intensities 
and  vjualitios  (colour)  of  the  sensations  arising  from  any  object  de- 
termine our  perception  of  the  object-  It  need  hardly  be  remarked 
that  this  localisation  is  purely  subjective.  We  simply  determine  the 
pv^^itiou  of  the  sensiition  in  the  field  of  vision  (which  is  itself  a 
wholly  subjective  matter' ;  we  do  not  determine  the  position  of  the 
object  The  connection  between  the  position  of  the  object  in  the 
external  world  and  the  p.^ition  of  the  sensation  in  the  field  of 
vi^sion.  cannot  be  determined  by  visual  observation  alone.  All  the 
iutorm:itioii  which  can  be  srAined  bv  the  eve  is  limited  to  the  field  of 
vision,  and  pan-ideJ  that  the  relative  position  of  the  sensations  in 
tlie  tiild  c*  v:<i;u  remained  the  same,  the  actual  position  of  external 
ol'^vc:s  iw'.zM.  as  fiir  as  vision  is  couoemod,  be  chan^d  without  our 

A>  .1  :i'i::nr  o:  fliot  rlie  dell  of  Wsion.  ia.  one  important  particular  does 
uo:  kvrr^-is'ov.i  :o  :l:e  dild  ot  ex:crn:u  o^TT^;cs.  The  ima^re  on  the  retici  is 
itivei'^t'i ;  :.:->■  i-av*  .;:  l::jl::  prxeeiiiii:!  tn. ui  an.  oViect  which  bv  louoh  we ktov 
tv"  '.v  v'v.  wIm:  w-'  CLill  Ovir  rij:!::  ii.i::..l,  rlill  oa  tLe  lefb-hind  si Je  of  then^tini 
It"  iL'-'ivt'i-v  '.'ii-:  T.<'A  or  ^"i>^:a  corrtsi^.^n-i-rd  lo  tie  retLnal  uili^,  the  oljeci 
^\^.^ll"d  Iv  ii«.*,T'.  c::  'J.-:  l-rt  haul  We  however  see  £:  oa.  the  riiiht  hand, 
Kv:^i:se  ^^t•  i*:viiri,i."  'y  .t*!s:o:.i.:e  :-i^!i:-hArL-l  tiiociLe  I.x'alisatioa.  with  left-luni 
\'s'.:a'.  *.v:u".si::  :•. :  :ii.v:  is  '.'?  s;iv.  .-iir  Cel-I  cf  Tiaion,  when  Liiteri»re^w  ty 


T'k*  J.i-.r.,'r.'.>:;vs  of  :he  d :M  ot  vision  of  a  sin^rle  eve  are  al>?s: 
ir^'  t'v  :".o  ■•  ;:-'.ioi-.:-il  Aui  100'  for  :ho  vertical  merJiiau.  the  lonner 
Ivi".;:  o.'sv-.'.orly  j:r':Lj.:tr  thaa  the  L.i::er.  The  horiziMital  dimensioa 
v-:'  t'lo  ^\:\.\  o:  \:>".;'-i  :.t  :1:o  r^v-;  oves  :>  about  ISO''.     Bv  movements 

■I  w 

oc  il'.o  <'\o.s.  -v.'vv.jvcr.  drar:  r'ro-Ji  r^.o:?e  '}i  the  head,  the  extent  may 
I'o  iiioiwi^c^i  :o  i-}0'  m  :!::  h'.Ti::ou.:al  an-i  i»>J''  in  the  venioal 
d-.vvvtioii. 

U'lo  ^i:i<:lio:ory  wn:e»ot:oa  •::  ox^craal  objects  reiquires  di>t:n-.i 
\is\':i ;  .i:v.:  oi"  :!.■.■>.  ,us  wo  ■•.ive  al^v:a^:v  <;ii.i,  the  formation  of  a  u:^ 
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tinct  image  on  the  retina  is  an  essential  condition.  We  can  receive 
visual  sensations  of  all  kinds  with  the  most  imperfect  dioptric 
apparatus,  but  our  perception  of  an  object  is  precise  in  proportion 
to  the  clearness  of  the  image  on  the  retina. 

Stt^onof  Distinct  Vision.  If  we  take  two  points,  such  as  two 
black  dots,  only  just  so  far  apart  that  they  can  be  seen  distinctiy  as 
two  when  placed  near  the  axis  of  vision,  and  then,  keeping  the  axis 
fixed,  move  the  two  points  out  into  the  circumferential  parts  of  the 
field  of  vision,  it  will  be  found  that  the  two  soon  appear  as  one. 
The  two  sensations  become  fused,  as  they  would  do  if  brought  nearer 
to  each  other  in  the  centre  of  the  field.  The  farther  away  from  the 
ceDtre  of  the  field,  the  farther  apart  must  two  points  be  in  order 
that  they  may  be  seen  as  two.  In  other  words,  vision  is  much  more 
distinct  in  the  centre  of  the  field  than  towards  the  circumference. 
Practically  the  region  of  distinct  vision  may  be  said  to  be  limited  to 
the  macula  lutea,  or  even  to  the  fovea  centralis;  by  continual  move- 
ments of  the  eye  we  are  constantly  bringing  any  object  which  we 
wish  to  see  in  such  a  position  that  its  image  falls  on  this  region  of 
the  retina. 

The  diminution  of  distinctness  does  not  diminish  equally  from  the 
centre  to  the  circumference  along  all  meridians.  The  outline  described 
by  a  line  uniting  the  points  where  two  spots  cease  to  be  seen  as  two 
when  moved  along  different  radii  from  the  centre,  is  a  very  irregular 
figure. 

The  sensations  of  colour  are  much  more  distinct  in  the  centre  of  the 
retina,  than  towards  the  circumference.  If  the  visual  axis  be  fixed  and 
a  piece  of  coloured  paper  be  moved  towards  the  outside  of  the  field  of 
vision,  the  colour  undergoes  changes  and  is  eventually  lost,  red  disappearing 
first,  then  green,  and  blue  last.  A  purple  colour  becomes  blue,  and  a  rose 
colour  a  bluish  white.  In  fact,  there  seems  to  be  a  certain  amount  of  red- 
MinHtiAag  in  the  peripheral  pai*ts  of  all  retinas. 

Blind  Spot.  There  is  one  part  of  the  retina  on  which  rays  of 
light  falling  give  rise  to  no  sensations ;  this  is  the  entrance  of  the 
optic  nerve,  and  the  corresponding  area  in  the  field  of  vision  is  called 
the  blind  spot.  If  the  visual  axis  of  one  eye,  the  right  for  instance, 
the  other  being  closed,  be  fixed  on  a  black  spot  in  a  white  sheet  of 
pi^r,  and  a  small  black  object,  such  as  the  point  of  a  quill  pen 
oipped  in  ink,  be  moved  gradually  sideways  over  the  paper  away  to 
the  outside  of  the  field  of  vision,  at  a  certain  distance  the  black  point 
of  the  quill  will  disappear  from  view.  On  continuing  the  movement 
ciill  farther  outward  the  point  will  again  come  into  view  and  continue 
in  sight  until  it  is  lost  in  the  periphery  of  the  field  of  vision.  If 
the  pen  be  used  to  make  a  mark  on  the  paper  at  the  moment  when 
it  18  lost  to  view,  and  at  the  moment  when  it  comes  into  sight 
again ;  and  if  similar  marks  be  made  along  the  other  meridians  as 
well  as  the  horizontal,  an  irregular  outline  will  be  drawn  circum- 
aeribing  an  area  of  the  field  of  vision  within  which  rays  of  light 
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produce  no  visual  sensation.  This  is  the  blind  spot.  The  dimen- 
sions of  the  figure  drawn  vary  of  course  with  the  distance  of  the 
paper  from  the  eye.  If  this  distance  be  known,  the  size  as  well  as 
the  position  of  the  area  of  the  retina  corresponding  to  the  bUnd  spot 
may  be  calculated  from  the  diagrammatic  eye  (p.  398).  Thepofflbon 
exactly  coincides  with  the  entrance  of  the  optic  nerve,  and  the 
dimensions  (about  1*5  mm.  diameter)  also  correspond.  While  draw- 
ing the  outline  as  above  directed  the  indications  of  the  large  branches 
of  the  retinal  vessels  as  they  diverge  from  the  entrance  of  the  nerve 
can  frequently  be  recognized.  The  existence  of  the  blind  spot  is 
also  shewn  by  the  fact  that  an  image  of  light,  sufficiently  small, 
thrown  upon  the  optic  nerve  by  means  of  the  ophthalmoscope,  gives 
rise  to  no  sensations. 

The  existence  of  the  blind  spot  proves  that  the  optic  fibres  them- 
selves are  insensible  to  light ;  it  is  only  through  the  agency  of  the 
retinal  expansion  that  they  can  be  stimulated  by  limiinous  vibrations* 

Porkinje's  Figures.  If  one  enters  a  dark  room  with  a  candle, 
and  while  looking  at  a  plain  (not  parti-coloured)  wall,  moves  the 
candle  up  and  down,  holding  it  on  a  level  with  the  eves  by  the  side 
of  the  head,  there  will  appear  in  the  field  of  vision  of  the  eye  of  the 
same  side,  projected  on  the  wall,  an  image  of  the  retinal  vessels,  quite 
similar  to  that  seen  on  looking  into  an  eye  with  the  ophthalmoscope. 
The  field  of  vision  is  illuminated  with  a  glare,  and  on  this  the 
branched  retinal  vessels  appear  as  shadows.  In  this  mode  of  ex- 
perimenting the  light  enters  the  eye  through  the  cornea,  and  the 
candle  forms  on  the  nasal  side  of  the  retina  an  image,  and  it  is  the 
light  emanating  from  this  which  throws  shadows  of  the  retinal 
vessels  on  to  the  rest  of  the  retina.  A  far  better  method  is  for  a 
second  person  to  concentrate  the  rays  of  light,  with  a  lens  of  low 

f)ower,  on  to  the  outside  of  the  sclerotic  just  behind  the  cornea;  the 
ight  in  this  case  emanates  from  the  illuminated  spot  on  the  scle- 
rotic and  passing  straight  through  the  vitreous  humour  throws  a  direct 
shadow  of  the  vessels  on  to  the  retina.  Thus  the  rays  passing  through 
the  sclerotic  at  J,  Fig.  47,  in  the  direction  hv,  will  throw  a  shadow  of 
the  vessel  v  on  to  the  retina  at  y8;  this  will  appear  as  a  dark  Une  at 
B  in  the  glare  of  the  field  of  vision.  This  proves  that  the  structures 
in  which  sensory  visual  impulses  originate  must  lie  behind  the  retinal 
vessels,  otherwise  the  shadows  of  these  could  not  be  perceived. 

If  the  light  be  moved  from  6  to  a,  the  shadow  on  the  retina  will  move 
from  ^  to  a,  and  the  dark  line  in  the  field  of  vision  will  move  from  B  to  A- 
If  the  distance  BA  be  measured  when  the  whole  image  is  projected  at  a 
known  distance,   ^-B   from   the   eye,   k  being  the  optical  centre*,  then, 

^  For  the  properties  of  the  optical  centre,  we  mnst  refer  the  reader  to  the  Tiriow 
treatises  on  optics.  The  optical  centre  of  a  lens  is  the  point  through  trhich  til  tb« 
principal  rays,  of  the  various  pencils  of  rays  falling  on  the  lena,  pass.  The  diagnD' 
matic  eye  of  Listing  (p.  398)  has  two  optical  centres,  hat  these  may,  without  serioai 
error,  he  further  rednced  for  practical  purposes  to  one  lying  in  the  lens  netr  itJ 
posterior  surface,  at  about  15  mm.  distance  from  the  retina. 
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the  distance  kp  in  the  diagrammatic  eye,  the  distance  j3a  can  be 
calculated*  But  if  the  distance  ^a  be  thus  estimated,  and  the  distance 
Aa  be  directly  measured,  the  distances  j3v,  av,  hv^  av  can  be  calculated,  and 
if  the  appearance  in  the  field  of  vision  is  really  caused  by  the  shadow  of  v 
fidling  on  p,  these  distances  ought  to  correspond  to  the  distances  of  the 
retinal  vessels  v  from  the  sclerotic  b  on  the  one  hand,  and  from  that  part 
of  the  retina  j3  where  visual  impressions  b^;in,  on  Uie  other.  H.  MtiUer 
fi>and  that  the  distance  fiv  thus  calculated  corresponded  to  the  distance  of 


B    A 


Fig.  47.    Diaobav  illustratino  the  Fobmation  of  Pubkinje's  Fioubeb  when  the 
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thiB  retinal  vessels  from  the  layer  of  rods  and  cones.  Thus  Purkinje'n 
figores  prove  in  the  first  place  that  the  sensory  impulses  which  form  the 
oommencement  of  visual  sensations  originate  in  some  part  of  the  retina 
behind  the  retinal  vessels,  t.e.  somewhere  between  them  and  the  choroid 
ooat;  and  H.  MUUer's  calculations  go  far  to  shew  that  they  originate  at  the 
most  posterior  or  external  part  of  the  retina,  viz.  the  layer  of  rods  and 
eonea.  It  must  be  admitted  however  that  H.  Miiller's  results  were  not 
■officiently  exact  to  allow  any  great  stress  to  be  placed  on  this  argument. 

It  is  desirable  in  these  cases  to  move  the  light  to  and  fro,  espe- 
rially  in  the  first  method,  as  the  retina  soon  becomes  tired,  and  the 
image  fades  away.  Some  observers  can  recognize  in  the  axis  of 
Tiaion,  a  faint  shadow  corresponding  to  the  edge  of  the  depression  of 
the  fovea  centralis. 

In  the  second  method  of  experimenting,  the  image  always  moves  in  the 
•ame  direction  as  the  light,  as  it  obviously  must  do.  In  the  first  method, 
where  the  light  enters  through  the  cornea,  the  image  moves  in  the  same 
direction  as  ike  light  when  the  light  is  moved  from  right  to  left,  provided 
the  movement  does  not  extend  beyond  the  middle  of  the  cornea,  but  in  the 
opposite  direction  to  the  light  when  the  latter  is  moved  up  and  down.  In 
Fig.  48,  which  represents  a  horizontal  section  of  an  eye,  if  a  be  moved  to 
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a,  h  will  move  to  j3,  the  shadow  on  the  retina  c  to  y,  and  the  image  d  to  & 
If  on  the  other  hand  a  be  suppoeed  to  move  above  the  plane  <^  the  pi^i 
h  will  move  below,  in  consequence  e  will  move  abov^  and  d  will  appear  to 
move  below,  i,e,  d  will  sink  as  a  rises. 


FlO.    48.      DUOBAM  ILLUSTRATINO  THE  FORMATION  OF  PuBKIXJE's  F1OUBB8    WHE5    TEE 

Illuminatiok  is  dibbctsd  thbouoh  the  Cobnxa. 

The  retinal  vessels  may  also  be  rendered  visible  hj  looking  throng 
a  small  orifice  at  a  bright  field  such  as  the  sky,  and  moving  the  orifice 
very  rapidly  from  side  to  side  or  up  and  down.  If  the  movement  be  firom 
side  to  side,  the  vessels  which  run  vertical  will  be  seen;  if  up  and  down,  the 
horizontal  vessels.  The  fine  capillary  vessels  are  seen  more  easfly  in  this 
way  than  by  Purkinje's  method.  The  same  appearances  may  also  be  pro- 
duced by  looking  through  a  microscope  from  which  the  objective  has  been 
removed  and  the  eye-piece  only  left  (or  in  which  at  least  Uiere  is  no  object 
distinctly  in  focus  in  the  field),  and  moving  the  head  rapidly  from  side  to 
Mide  or  backwards  and  forwards.  Or  the  microscope  itself  may  be  moved; 
a  circular  movement  of  the  field  will  then  bring  both  the  vertical  and  hori- 
zontally directed  vessels  into  view  at  the  same  time. 

Modified  Perceptions. 

Since  our  perception  of  external  objects  is  based  on  the  distinct- 
ness of  the  constituent  sensations  which  go  to  form  the  perception,  it 
might  be  expected  that  our  conception  of  external  nature  would  be  a 
faithful  transcript  of  the  sensations  originating  in  the  retina  and 
transformed  in  the  brain  into  perceptions,  and  that  therefore  the 
mental  condition  resulting  from  our  looking  at  any  object  or  view 
would  correspond  exactly  to  the  retinal  image.     We  find,  however, 
that  this  is  not  the  case.     The  sensations  and  probably  even  the 
simple  sensory  impulses  produced  by  an  image  react  upon  each  other, 
and  these  reactions   modify  our  perceptions,  independently  of  the 
physical  conditions  of  the  retinal  image.     There  arise  certain  dis- 
crepancies  between   the   retinal   image   and   the   perception,  some 
having  their  source  in  the  retina,  some  in  the  brain,  and  others  beii^ 
of  such  a  nature,  that  it  is  difficult  to  say  where  the  irrelevancy  is 
introduced. 
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Lrradiation*  A  white  patch  on  a  dark  ground  appears  larger, 
and  a  dark  patch  on  a  white  ground  smaller,  than  it  really  is.  This 
is  especially  so  when  the  object  is  somewhat  out  of  focus,  and  may, 
in  this  case,  be  partly  explained  by  the  diffusion  circles  which,  in 
each  case,  encroach  from  the  white  upon  the  dark.  But  over  and 
beyond  this,  any  sensation,  coming  from  a  given  retinal  area,  occupies 
a  larger  share  of  the  field  of  vision,  when  the  rest  of  the  retina  and 
central  visual  apparatus  are  at  rest,  than  when  they  are  simul- 
taneously excited.  It  is  as  if  the  neighbouring,  either  retinal  or 
cerebral,  structures  were  sympathetically  thrown  into  action  at  the 
same  time. 

Contrast.  If  a  white  strip  be  placed  between  two  black  strips, 
the  edges  of  the  white  strip,  near  to  the  black,  will  appear  whiter 
than  its  median  portion;  and  if  a  white  cross  be  placed  on  a  black 
background,  the  centre  of  the  cross  will  appear  sometimes  so  dim, 
compared  with  the  parts  close  to  the  black,  as  to  seem  shaded.  This 
occurs  even  when  the  object  is  well  in  focus;  the  increased  sensation 
of  light  which  causes  the  apparent  greater  whiteness  of  the  borders 
of  the  cross  is  the  result  of  the  'contrast'  with  the  black  placed  im- 
mediately close  to  it.  Still  more  curious  results  are  seen  with 
coloured  objects.  If  a  small  piece  of  grey  paper  be  placed  on  a 
sheet  of  green  paper,  and  both  covered  with  a  sheet  of  thin  tissue 
paper,  the  grey  paper  will  appear  of  a  pink  colour,  the  comple- 
mentanr  of  the  green.  This  effect  of  contrast  is  far  less  striking,  or 
even  wholly  absent,  when  the  small  piece  of  paper  is  white  instead 
of  grey,  and  generally  disappears  when  the  thin  covering  of  tissue 
paper  is  removed.  It  also  vanishes  if  a  bold  broad  black  line  be 
drawn  round  the  small  piece  of  paper,  so  as  to  isolate  it  from  the 
ground  colour.  If  a  book,  or  pencil,  be  placed  vertically  on  a  sheet 
of  white  paper,  and  illuminated  on  one  side  by  the  sun,  and  on  the 
other  by  a  candle,  two  shadows  will  be  produced,  one  from  the  sun 
which  will  be  illuminated  by  the  yellowish  light  of  the  candle,  and 
the  other  from  the  candle  which  will  in  turn  be  illuminated  by  the 
white  light  of  the  sun.  The  former  naturally  appears  yellow ;  the 
latter,  however,  appears  not  white  but  blue;  it  assumes,  by  con- 
trast, a  colour  complementary  to  that  of  the  caudle-light  which 
surrounds  it.  If  the  candle  be  removed,  or  its  light  shut  off  by  a 
screen,  the  blue  tint  disappears,  but  returns  when  the  candle  is 
again  allowed  to  produce  its  shadow.  If,  before  the  candle  is  brought 
back,  vision  be  directed  through  a  narrow  blackened  tube  at  some 
part  falling  entirely  within  the  area  of  what  will  be  the  candle's 
shadow,  the  area,  which  in  the  absence  of  the  candle  appears  white, 
will  continue  to  appear  white  when  the  candle  is  made  to  cast  its 
shadow,  and  it  is  not  until  the  direction  of  the  tube  is  changed  so 
as  to  cover  part  of  the  ground  outside  the  shadow,  as  well  as  part  of 
the  shadow,  that  the  latter  assumes  its  blue  tint\ 

^  Cf.  Hering,  loc.  ciU 
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Filling  up  the  Blind  Spot.  Though,  as  we  liave  seen,  that  part 
of  the  retina  which  corresponds  to  the  entrance  of  the  optic  nerve  is 
quite  insensible  to  light,  we  are  conscious  of  no  blank  in  the  field  of 
vision.  When  in  looking  at  a  page  of  print  we  fix  the  visual  axis  so 
that  some  of  the  print  must  fall  on  the  blind  spot,  no  gap  is  perceived 
We  could  not  expect  to  see  a  black  patch,  because  what  we  call  black 
is  the  absence  of  the  sensation  of  light  from  structures  which  are 
sensitive  to  light;  we  must  have  visual  organs  to  see  black.  But 
there  are  no  visual  organs  in  the  blind  spot,  and  consequently  we  are 
in  no  way  at  all  affected  by  the  rays  of  light  which  fall  on  it;  the  field 
of  vision  closes  in  as  if  the  blind  spot  did  not  exist  at  alL 

Ocular  Spectra.  So  far  from  our  perceptions  exactly  correspond- 
ing to  the  arrangements  of  the  luminous  rays  which  fall  on  the  retina, 
we  may  have  visual  sensations  and  perceptions  in  the  entire  absence 
of  light.  Any  stimulation  of  the  retina  or  of  the  optic  nerve  suffi- 
ciently intense  will  give  rise  to  a  visual  sensation.  Gradual  pressure 
on  the  eyeball  causes  a  sensation  of  rings  of  coloured  lights  the  so- 
called  phosphenes ;  a  sudden  blow  on  the  eye  causes  a  sensation  <^ 
flashes  of  light,  and  the  seeming  identity  of  the  visual  sensations 
so  brought  about  with  visual  sensations  produced  by  light  is  well 
illustrated  by  the  statement  once  gravely  made  in  a  German  court 
of  law,  by  a  witness  who  assertea  that  on  a  pitch  dark  night  he 
recognised  an  assailant  by  help  of  the  flash  of  light  caused  by  the 
assailant's  hand  coming  in  violent  contact  with  his  eye.  Electncal 
stimulation  of  the  eye  or  optic  nerve  will  also  give  rise  to  visual 
sensations. 

The  sensations  which  may  arise  without  any  light  falling  on  the 
retina  need  not  necessarily  be  undefined  ;  on  the  contrary  tney  may 
be  most  clearly  defined.  Complex  and  coherent  visual  images  or  per- 
ceptions may  arise  in  the  brain  without  any  corresponding  objective 
luminous  cause.  These  so-called  ocular  spectra  or  phantoms,  which 
are  the  result  of  an  intrinsic  stimulation  of  some  (probably  cerebral) 
part  of  the  visual  apparatus,  have  a  distinctness  which  gives  them  an 
apparent  objective  reality  quite  as  striking  as  that  of  ordinary  visual 
perceptions \  They  may  occasionally  be  seen  with  the  eyes  open 
(and  therefore  while  ordinary  visual  perceptions  are  being  generated) 
as  well  as  when  the  eyes  are  closed.  They  sometimes  become  so 
frequent  and  obtrusive  as  to  be  distressing,  and  form  an  important 
element  in  some  kinds  of  delirium,  such  as  delirium  tremens. 

Appreciation  of  apparent  size.  By  the  eye  alone  we  can  only 
estimate  the  apparent  size  of  an  object,  we  can  only  tell  what  space  ii 
takes  in  the  field  of  vision,  we  can  only  perceive  the  dimensions  of 
the  retinal  image,  and  therefore  have  a  right  only  to  speak  of  the 
angle  which  the  diameter  of  the  object  subtends.    The  real  size  of  an 

^  I  am  ocqnalnted  with  a  case  in  which  ocular  spectra  of  a  pleasing  and  goigeoos 
character,  such  as  visions  of  flowers,  and  landscapes,  can  be  brought  on  at  once  b/ 
compressing  the  eyeballs  with  the  orbicularis  muscle. 
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object  must  be  determiiied  by  other  means.  But  our  perception  of 
eveu  the  apparent  size  of  an  object  is  so  modified  by  concurrent  cir- 
cumstances that  in  many  cases  it  cannot  be  relied  on.  The  apparent 
size  of  the  moon  must  be  the  same  to  every  eye,  and  yet  while  some 
persons  will  be  found  ready  to  compare  the  moon  in  mid  heavens 
with  a  threepenny  piece,  others  will  liken  it  to  a  cart-wheel ;  that  is 
to  say,  the  angle  subtended  by  the  moon  is  thought  by  the  one  to  be 
equal  to  that  subtended  by  a  threepenny  piece  viewed  at  a  few  feet, 
and  by  the  other  to  that  subtended  by  a  cart-wheel  viewed  at  a  few 
yards,  from  the  eye.  If  a  line  such  b&  AG^  Fig.  49,  be  divided  into 
two  equal  parts  AB,  BC,  and  AB  p^^  ^^ 

be  divided  by  distinct  marks  into 

several  parts,  as  is  shewn  in  the   J  b  * 

figure,  while  BG  be  left  entire, 

the  distance  AB  will  always  appear  greater  than  GB,  So  also,  if 
two  equal  squares  be  marked,  one  with  horizontal  and  the  other 
with  vertical  alternate  dark  and  light  bands,  the  former  will  appear 
higher,  and  the  latter  broader,  than  it  really  is.  Hence  short  persons 
affect  dresses  horizontally  striped  in  order  to  increase  their  apparent 
height,  and  very  stout  persons  avoid  longitudinal  stripes.  Two  per- 
fectly parallel  lines  or  bands,  each  of  which  is  crossed  by  slanting 
parallel  short  lines,  will  appear  not  parallel,  but  diverging  or  con- 
verging according  to  the  direction  of  the  cross-lines.  * 

Again,  when  a  short  person  is  placed  side  by  side  with  a  tall 
person,  the  former  appears  shorter  and  the  latter  taller  than  each 
really  is.  The  moon  on  the  horizon  appears  larger  than  when  at  the 
zenith,  partly  because  it  can  then  be  most  easily  compared  with 
terrestrial  objects,  and  partly  perhaps  because,  from  a  conception  we 
have  of  the  heavens  being  flattened,  we  judge  the  moon  to  be  farther  off 
at  the  horizon  than  at  the  zenith  ;  and  being  farther  off,  and  yet  sub- 
tending the  same  angle,  must  needs  be  judged  larger.  The  absence 
of  comparison  may,  however,  have  an  opposite  effect,  as  when  a  person 
looks  larger  in  a  fog ;  being  seen  indistinctly,  he  is  judged  to  be 
&rther  off  than  he  reallv  is,  and  so  appears  to  be  proportionately 
larger,  just  as  conversely  distant  mountains  appear  small,  when 
in  a  clear  atmosphere  they  are  seen  distinctly  and  so  judged 
to  be  near.  Indeed,  our  daily  life  is  full  of  instances  in  which 
our  direct  perception  is  modified  by  circumstances.  Among  those 
circumstances  previous  experience  is  one  of  the  most  potent,  and 
thus  simple  perceptions  become  mingled  with  what  are  in  reality 
judgments,  though  frequently  made  uncousdiously.  But  this  intru- 
sion of  past  experience  into  present  perceptions  and  sensations  is 
most  obvious  in  binocular  vision,  to  which  we  now  turn. 
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Sec.  4.    Binoculae  Vision. 

Corresponding  or  Identical  Points. 

Though  we  have  two  eyes,  and  must  therefore  receive  firom  eveiy 
object  two  sets  of  sensations,  our  perception  of  any  object  is  under 
ordinary  circumstances  a  single  one ;  we  see  one  object,  not  twa 
By  putting  either  eye  into  an  unusual  position,  as  by  squinting,  we 
can  render  the  perception  double ;  we  see  two  objects  where  one  only 
exists.  From  which  it  is  evident  that  singleness  of  perception  de- 
pends on  the  image  of  the  object  falling  on  certain  parts  of  each 
retina  at  the  same  time,  these  parts  being  so  related  to  each  otha, 
that  the  sensations  from  each  are  blended  into  one  perception ;  and 
it  is  also  evident  that  the  movements  of  the  eyeballs  are  adapted 
to  bring  the  image  of  the  object  to  fall  on  these  '  corresponding'  or 
'identical'  parts,  as  they  are  called,  of  each  retina. 

When  we  look  at  an  object  with  one  eye  the  visual  axis  of  that 
eye  is  directed  to  the  object,  and  when  we  use  two  eyes  the  visual 
axes  of  the  two  eyes  converge  at  the  object,  the  eyeballs  moving  ac- 
cordingly. The  corresponding  points  of  the  two  retinas  are  those  on 
which  the  two  images  of  the  object  fall  when  the  visual  axes  conveige 
at  the  object.    Thus  in  Fig.  50,  if  Cc,  Cc^  be  the  two  visual  axes,  c,  c, 


Fig.  60.    Duoram  illustratino  Correspondino  Points. 

L  the  left,  U  the  right  eye,  A'  the  optical  centre,  a^^  6j,  q  are  points  in  *^ 
right  eye  correspondinR  to  the  points  a,  ft,  c  in  the  left  eye.  The  two  figures  belo* 
are  projections  of  L  the  left  and  R  the  right  retina.  It  will  be  seen  that  a  on  t^ 
malar  side  of  L  corresponds  to  a^  on  the  na»al  side  of  R. 

being  the  centres  of  the  foveoB  centrales  of  the  two  eyes,  then,  the 
object  ACB  being  seen  single,  the  point  a  on  the  one  retina  will 
'  correspond '  to  or  be  '  identical'  with  the  point  a^  on  the  other,  and 
tlie  point  h  in  the  one  to  the  point  \  in  the  other,    Henceapoifl^ 
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anywhere  on  the  right  side  of  one  retina,  has  its  Correspondi 
on  the  right  side  of  the  other  retina,  and  the  points  on  the  h 
3  correspond  with  those  on  the  left  of  the  other.     Thus,  while  tl 
*  half  of  the  retina  of  the  left  eye  corresponds  to  the  upper  ha 
3  retina  of  the  right  eye,  and  the  lower  to  the  lower,  the  ndsa 
>f  the  left  eye  corresponds  with  the  malar  side  of  the  right,  an( 
\alar  of  the  left  with  the  nasal  side  of  the  right, 
ince  the  blending  of  the  two  sensations  into  one  only  occurs 
the  two  images  of  an  object  fall  on  these  corresponding  points 
9  two  retinas,  it  is  obvious  that  in  single  vision  with  two  eyes 
rdinary  movements  of  the  eyeballs  must  be  such  as  to  bring  the 
1  axes  to  converge  at  the  object  so  that  the  two  images  may 
n  corresponding  points.     When  the  visual  axes  do  not  so  con- 
,  and  when  therefore  the  images  do  not  fall  on  corresponding 
i$,  the  two  sensations  are  not  blended  into  one  perception  and 
t  becomes  double. 


Movements  of  the  Eyeballs. 

be  eye  is  virtually  a  ball  placed  in  a  socket,  the  orbit  and  the 
Forming  a  ball  and  socket-joint.  In  its  socket-joint  the  optic 
IS  capable  of  a  variety  of  movements,  but  it  cannot  by  any 
tary  effort  be  moved  out  of  its  socket. 

is  stated  that  by  a  very  forcible  opening  of  the  eyelids  the  eyeball 
slightly  protruded;  but  this  trifling  locomotion  may  be  neglected, 
ease,  however,  the   position  of  the  eyeball  in  the  socket  may  be 
ly  changed. 

I  eyeball  is  capable  of  rotating  round  an  immobile  centre  of 

which  has  been  found  to  be  placed  a  little  (1-77  mm.)  behind 

e  of  the  eye ;  but  the  movements  of  the  eye  round  the  centre 

kI  in  a  peculiar  way.    The  shoulder-joint  is  a  similar  ball  and 

at ;  and  we  know  that  we  can  not  only  move  the  arm  up 

round  a  horizontal  axis  passing  through  the  centre  of 

^  the  head  of  the  humerus,  and  from  side  to  side  round  a 

s,  but  we  can  also  rotate  it  round  its  own  longitudinal  axis. 

ever,  we  come  to  examine  closely  the  movements  of  the 

find,  as  was  shewn  by  Bonders,  that  thotigh  we  can  move 

own  round  a  horizontal  axis,  as  when  with  fixed  head  we 

ision  to  the  heavens  or  to  the  ground,  and  from  side  to 

we  look  to  left  or  right,  and  though  by  combining  these 

\ts  we  can  give  the  eyeball  a  variety  of  inclinations,  we 

'oluntary  effort,  rotate  the  eyeball  round  its  longitudinal 

The  arrangement  of  the  muscles  of  the  eyeball  would 

h  a  movement,  but  we  cannot  by  any  direct  effort 

about  by  itself ;  we  can  only  effect  it  indirectly  when 

nove  the  eyeballs  in  certain  special  ways. 
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If,  -when  vision  is  directed  to  any  object,  the  bead  be  moved  from 
side  to  side,  the  eyes  do  not  move  with  it ;  they  appear  to  remain 
stationary,  very  much  as  the  needle  of  a  ship's  compass  remains  sta- 
tionary when  the  head  of  the  ship  is  turned.  The  change  in  the 
position  of  the  visual  axes  to  which  the  movement  of  the  head  would 
naturally  give  rise  is  met  by  compensating  movements  of  the  eye- 
balls ;  were  it  not  so,  steadiness  of  vision  would  be  impossible. 

There  is  one  position  of  the  eyes  which  has  been  called  the  primary 
position.  It  corresponds  to  that  which  may  be  attained  by  looking  at  tlra 
distant  horizon  with  the  head  vertical  and  the  body  upright;  but  iti 
exact  determination  requires  special  precautions,  llie  visual  axes  are 
then  parallel  to  each  other  and  to  the  median  plane  of  the  head.  All 
other  positions  of  the  eyes  are  called  secondary  posUiont,  In  a  secondarj 
position  the  visual  liue  takes  a  new  direction,  and  a  plane  drawn  throogh 
the  centre  of  rotation  at  right  angles  to  the  primary  direction  of  the  visoai 
line  acquires  importance ;  for  it  was  suggested  by  Listing,  and  proved  bj 
Bonders  and  Helmholtz,  that  the  change  from  the  primary  to  any  secoud- 
ary  position  is  brought  ahout  by  a  rotation  of  the  eje  round  an  axis 
lying  in  this  plane.  This  law  of  the  movements  of  the  eye  is  known  as 
Listing's  law.  The  chief  axes  in  this  plane  are  the  transverse  axis  of  the 
eye,  rotation  round  which  causes  the  eye  to  move  up  and  down,  and  the 
vertical  axis,  rotation  round  which  causes  the  eye  to  move  from  side  to 
side;  rotation  round  other  axes  in  the  plane  causes  obliqxie  movements. 
When,  one  eye  being  closed,  we  look  with  the  other  in  the  primary  positioii 
at  a  vertical  coloured  stripe  on  a  gray  wall  until  a  negative  image  of  the 
stripe  is  produced,  and  then  move  the  eye  away  from  the  stripe,  the  nega- 
tive image  remains  vertical,  however  much  the  eye  is  moved  either  hori- 
zontally from  side  to  side,  or  vertically  up  and  down;  in  these  movements, 
which  are  rotations  round  the  vertical  and  transverse  axes  respectively,  the 
relations  of  the  retina  to  the  visual  line  are  unchanged ;  the  meridian  in 
which  the  negative  image  lies  and  which  was  vertical  in  the  prinuuy  posi- 
tion, remains  vertical  in  the  new  positions.  A  horizontal  negative  image 
similarly  remains  horizontal.  If  the  eye  be  moved  from  the  primary 
l)08ition  in  an  oblique  direction,  the  negative  image,  whether  horizontal  or 
vertical,  becomes  inclined;  but  Helmholtz*  shewed  that  an  oblique  linear 
negative  image  also  maintains  its  inclination  when  the  eye  is  moved  from 
the  primary  position,  in  the  direction  of  the  line  of  (or  at  right  angltf 
to  the  line  of)  the  negative  image;  that  here  too  the  meridian  passiog 
through  the  visual  line  and  the  negative  image  remains  unchangcxl ;  and 
that  therefore  the  movement  in  this  case  also  must  be  brought  about  by 
rotation  round  an  axis  at  right  angles  to  the  plane  passing  through  the 
meridian  of  the  negative  image  (i.e.  the  visual  line  in  its  new  direction) 
and  the  visual  line  in  the  primary  position.  In  other  words,  just  as  » 
vertical  or  horizontal  movement  of  the  eye  is  a  rotation  roimd  a  hwi- 
zontal  or  vertical  axis  in  the  plane  of  rotation  spoken  of  above,  so  an 
oblique  movement  is  a  rotation  round  an  oblique  axis  in  the  same  plane 
and  not  in  any  way  a  rotation  round  the  visual  axis  itself.  When  the  hori- 
zontal or  vertical  negative  image  in  the  above  experiment  becomes  inclined 

^  Proc.  Roy,  Soc,  xui.  (1864)  p.  186. 
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in  an  obliqae  moyemeni  of  eye,  its  motion  is  similar  to  that  of  the 
spokes  of  a  wheel ;  but  this  change  of  position  of  the  meridians  of  the 
retina  must  not  be  confounded  with  the  actual  rotation  of  the  eyeball 
on  its  visual  axis. 

All  movements  then  starting  from  the  primary  position,  whether  rect- 
angular or  oblique,  are  executed  without  rotation  of  the  eyeball ;  but  this 
is  not  the  case  in  moving  from  one  secondary  position  to  another.  More- 
over Listing's  law  holds  good  only  so  loug  as  the  visual  axes  remain 
parallel.  When  the  visual  axes  are  made  to  converge,  some  amount  of 
rotation  occurs,  and  that  even  when  their  horizontal  direction,  proper  to 
them  in  the  primary  position,  is  maintained.  The  rotation  is,  with  the  ex- 
ception of  a  particular  position,  still  more  marked  when,  as  is  usually  the 
case  during  the  conveigence,  the  eyes  are  directed  downwards. 

It  was  once  thought  that  the  maintenance  of  the  position  of  the  eye- 
balls when  the  head  was  turned  to  the  shoulders,  while  vision  was  directed 
to  an  object  in  front,  was  effected  by  means  of  a  rotation  of  the  eyeballs. 
This  Donders  proved  to  be  an  error,  though  some  slight  amount  of  rotation 
does  take  place.  In  various  other  movements  of  the  eye  too  rotation 
oocors  to  a  variable  extent. 

Knscles  of  tlie  EyebalL  The  eyeball  is  moved  by  six  muscles, 
the  recti  inferior,  superior,  intemtis  and  extemus,  and  the  obliqui 
inferior  and  superior.  It  is  found  by  calculation  from  the  attach- 
ments and  directions  of  the  muscles,  and  confirmed  by  actual  observa- 
tion, that  the  six  muscles  may  be  considered  as  three  pairs,  each  pair 
rotating  the  eye  round  a  particular  axis.  The  relative  attachments 
and  the  axes  of  rotation  are  diagrammatically  shewn  in  Fig.  51.  Thus 
the  rectus  superior  and  the  rectus  inferior  rotate  the  eye  round  a  hori- 
zontal axis,  which  is  directed  from  the  upper  end  of  the  nose  to  the 
temple ;  the  obliquus  superior  and  obliquus  inferior  round  a  horizontal 
axis  directed  from  the  centre  of  the  eyeball  to  the  occiput ;  and  the 
rectus  intemus  and  rectus  extemus  round  a  vertical  axis  (which,  being 
at  right  angles  to  the  plane  of  the  paper,  cannot  be  shewn  in  the 
diagram),  passing  through  the  centre  of  rotation  of  the  eyeball  parallel 
to  the  medium  plane  of  the  head  when  the  head  is  vertical.  Thus 
the  latter  pair  acting  alone  would  turn  the  eye  from  side  to  side,  the 
other  straight  pair  acting  alone  would  move  the  eye  up  and  rounds 
while  the  oblique  muscles  acting  alone  would  give  the  eye  an  oblique 
movement.  The  rectus  extemus  acting  alone  would  turn  the  eye  to 
the  malar  side,  the  internus  to  the  nasal  side,  the  rectus  superior  up- 
wards, the  rectus  inferior  downwards,  the  oblique  superior  down- 
wards and  outwards,  and  the  inferior  upwards  and  outwards.  The 
recti  superior  and  inferior  in  moving  the  eye  up  and  down  also 
turn  it  somewhat  inward  and  at  the  same  time  give  it  a  slight 
amount  of  rotation ;  but  this  is  corrected  if  the  oblique  muscles  act 
at  the  same  time ;  and  it  is  found  that  the  rectus  superior  acting 
with  the  obliquus  inferior  moves  the  eye  upwards,  and  the  rectus 
inferior  with  the  obliquus  superior  downwards  in  a  vertical  direction. 
In  oblique  movements  also,  the  obliqui  are  always  associated  ^\lVi 
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Ft€L  51.    Pusmix  OF 

Axes  of  K(>r^Tiox,   tb« 
iv»6uion  of  toe  r«eci» 
of  tbe  p^Mer»  cannoc  Iw 


JLmcncEns  of 


bein^  repmcBted 
And  interaos* 
(After  Ikk.) 


br  dotted  laaoL    Tbe  nu 


Tbe  I 
ftotbt 


tbe  rectL    Hence  tlie  Tsrioas  moremeiits  of  tlie  ejebftU  may  be  ar- 

ran^red  as  follows : 

Bectas  superior  and  obliqnns  inferior. 
Bectus  inferior  and  obliqaus  superior. 

Kectns  intemus. 


^  > 


EleTauon. 

IXrpre^sioo. 

AdduccioQ  to 

nasal  side. 

AdduCtiOQ  to 

malar  side. 


X 


«.  \ 


Ellevatioa  with 

:u.lductLO!i. 

IVprtssioa 
with  iuiduocion. 
Ei^^vatioa  with 

alxiuotioa. 

lVprvs5>ioQ 
^w::!i  abduotioLL 


Rectus  extemus* 

Rectus  superior  and  intemus  with  obliqWiS 

interior. 
Rectus  inferior  and  intemus  with  obEqw* 

superior. 
Rectus  superior  and  extemus  with  obliqous 

inferior. 
Rectus  inrerior  and  extemus  with  obliq®^ 
superior. 


Coordination  of  Yisizal  Morements^    Thus  even  in  the  m«^re- 

iueu:s  ot  a  >iu^Io  eye,  a  cocsidenbk  ara«.^unt  of  cxx'^rdination  tak^ 
pla^v.     Wheu  the  eye  is  moved  in  any  other  than  the  Terdoal  an**- 
hori^onral  iueridian.>.  ir::pa!scs  muse  descend  to  at  least  three  mnsde^ 
and  iti  such  r^^Iacive  euen^"  t..^  each  of  the  three  as  to  prxitwe  tb^ 
rev^uiiwl  iucli tuition  ^^(  the  visual  axis.     Buu  the  c«>:'r«linati«.m  ob^ 
iJervwl  iu  biuocuiar  vijyion  is  m^.^re  scritiuir  stilL     If  the  moTemen-^ 
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erson's  eyes  be  watched  it  will  be  seen  that  the  two  eyes 
:a  K  the  right  eye  moves  to  the  right,  so  does  also  the  left; 
le  object  looked  at  be  a  distant  one,  exactly  to  the  same 
f  the  right  eye  looks  up,  the  left  eye  looks  up  also,  and  so  in 
er  direction.    Very  few  persons  are  able  by  a  direct  effort  of 

0  move  one  eye  independently  of  the  other;  though  some, 
ig  them  a  distinguished  physiologist  and  oculist,  have  ac- 
lis  power.  In  fact,  the  movements  of  the  two  eyes  are 
ed  that  in  the  various  movements  the  images  of  any  object 
U  on  the  corresponding  points  of  the  two  retina;,  and  that 
le  vision  should  result.  We  cannot  by  any  direct  effort  of 
Jace  our  eyes  in  such  a  position  that  the  rays  of  light  pro- 
'om  any  object  shall  fall  on  parts  of  the  retina  which  do  not 
d,  and  thus  give  rise  to  two  distinct  visual  images.  We  can 
visual  axes  of  the  two  eyes  from  a  condition  of  parallelism 
great  couvergence,  but  we  cannot,  without  special  assistance, 
m  from  a  condition  of  parallelism  to  one  of  divergence. 

sreoscope  will  enable  us  to  create  a  divergence.  If  in  a  stereo- 
ure  the  distance  between  the  pictures  be  increased  so  gradually 
apression  of  a  single  object  be  not  lost,  the  visual  axes  may  be 

diverge.  Helmholtz,  while  looking  at  a  distant  object  with  a 
>re  one  eye,  with  the  angle  of  the  prism  directed  towards  the 

the  vision  of  the  object  kept  carefully  single,  found  after 
le  angle  very  slowly  up  or  down,  and  keeping  the  image  of  the 
gle  all  the  time,  that  on  removing  the  prism  a  double  image 
moment  seen;  shewing  that  the  eye  before  which  the  prism  was 

1  moved  in  disaccordance  with  the  other.  The  double  image 
1  a  few  seconds  after  the  remdval  of  the  prism  becune  single,  on 
the  eyes  coming  into  accordance. 

only  when  loss  of  coordination  occurs,  as  in  various  dis- 

in  alcoholic  or  other  poisoning,  that  the  movements  of 
eyes  cease  to  agree  with  each  other.  It  is  evident  then 
i  we  look  at  an  object  to  the  right,  since  we  thereby  abduct 

eye  and  adduct  the  left,  we  throw  into  action  the  rectus 
of  the  right  eye  and  the  rectus  internus  of  the  left ;  and 
when  we  look  to  the  left  we  use  the  rectus  extern  us  of  the 
the  rectus  internus  of  the  right  eye.  When  we  look  at  a 
ct,  and  therefore  converge  the  visual  axes,  we  use  the  recti 
•  both  eyes;  and  when  we  look  at  a  distant  object,  and 
I  axes  from  convergence  towards  parallelism,  we  use  the 
rni  of  both  eyes.  In  the  various  movements  of  the  eye 
lerofore,  so  to  speak,  the  most  delicate  picking  and  choosing 
uscular  instruments.     Bearing  this  in  mind,  it  cannot  be 

at  that  the  variotis  movements  of  the  eye  are  dependent 
causation  on  visual  sensations.  In  order  to  move  our  eyes, 
either  look  at  or  for  an  object ;  when  we  wish  to  converge 

we  look  at  some  near  object  real  or  imaginary,  aiid  tk^ 
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convergence  of  the  axes  is  usually  accompanied  by  all  the  omditionB 
of  near  vision,  such  as  increased  accommodation  and  contractioii  of 
the  pupil.    And  so  with  other  movements. 

The  close  association  of  the  movements  of  the  eye  may  be  illustrated  \fj 
the  following  case.  Suppose  the  eyes,  to  start  with,  directed  for  the  far  dia- 
tance,  and  that  it  is  desired  to  direct  attention  to  a  nearer  point  lying  in  tlia 
visual  line  of  the  right  eye.  In  this  case  no  movement  of  the  right  eje  is 
required;  all  that  is  necessary  is  for  the  left  eye  to  he  turned  to  the  nght^ 
that  is,  for  the  rectus  intemus  of  the  left  eye  to  he  thrown  into  action.  But 
in  ordinary  movements  the  contraction  of  this  muscle  is  always  associated 
with  either  the  rectus  extemus  of  the  right  eye  (as  when  both  eyes  are 
turned  to  the  right)  or  the  rectus  intemus  of  that  eye,  as  in  conveigenoe; 
the  muscle  is  quite  unaccustomed  to  act  alone.  This  would  lead  us  to 
suppose  that  in  the  case  in  question  the  contraction  of  the  rectus  intemus 
of  the  lefb  eye  is  accompanied  by  a  contraction  of  both  recti  extemus  and 
intemus  of  the  right  eye,  keeping  that  eye  in  lateral  equilibrium.  And 
when  we  come  to  examine  our  own  consciousness,  we  feel  a  sense  of  effort 
in  the  right  as  well  as  in  the  left  eye,  and  the  sjight  amount  of  rotation 
which  accompanies  convergence  (see  p.  439)  may  be  discovered  also  in  the 
right  as  well  as  in  the  left  eye. 

Such  a  complex  coordination  requires  for  its  carrying  out  a  dis- 
tinct nervous  machinery;  and  we  have  reasons  for  thinking  that 
such  a  machinery  exists  in  certain  parts  of  the  corpora  quadri- 
gemina.  In  the  nates,  Adamuk  finds  a  common  centre  for  both 
eyes,  stimulation  of  the  right  side  producing  movements  of  both  eyes 
to  the  left,  of  the  left  side  movements  to  the  right ;  while  stimulation 
in  the  middle  line  behind  causes  a  downward  movement  of  both  eyes 
with  convergence  of  the  axes,  and  in  the  front  an  upward  movement 
with  return  to  parallelism,  both  accompanied  by  the  naturally  asso- 
ciated movements  of  the  pupil.  Stimulation  of  various  parts  of  the 
nates  causes  various  movements,  depending  on  the  position  of  the 
spot  stimulated.  After  an  incision  in  the  middle  line,  stimulation  of 
the  nervous  centre  on  one  side  produces  movements  in  the  eye  of  the 
same  side  only.  • 


The  Horopter. 

When  we  look  at  any  object  we  direct  to  It  the  visual  axes,  so  that 
when  the  object  is  small,  the  'corresponding*  parts  of  the  two  retiwe, 
on  which  the  two  images  of  the  object  fall,  lie  in  their  respective 
fovea}  centrales.  But  while  we  are  looking  at  the  particular  object  the 
images  of  other  objects  surrounding  it  fall  on  the  retina  surrounding 
the  fovea,  and  thus  go  to  form  what  is  called  indirect  vision.  And 
it  is  obviously  of  advantage  that  these  images  also  should  fall  on 
'corresponding'  parts  in  the  two  eyes.  Now  for  any  given  position 
of  the  eyes  there  exists  in  the  field  of  vision  a  certain  line  or  sim^ 
face  of  such  a  kind  that  the  images  of  the  points  in  it  all  fall  on 
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;poiidmg  points  of  the  retina.  A  line  or  surface  having  this 
rty  is  called  a  Horopter.    The  horopter  is  in  fact  the  aggregate 

those  points  in  space  which  are  projected  on  to  corresponding 
3  of  the  retina;  hence  its  determination  in  any  particular  case 
iply  a  matter  of  geometrical  calculation.  In  some  instances  it 
aes  a  very  complicated  figure.    The  case  whose  features  are 

easily  grasped,  is  a  circle  drawn  in  the  plane  of  the  two 
L  axes  through  the  point  of  the  convergence  of  the  axes  and 
ptic  centres  of  the  two  eyes.  It  is  obvious  from  geometrical 
ons  that  in  Fig.  52  the  images  of  any  point  in  the  circle  will  fall 
rresponding  points  of  the  two  retinae.  When  we  stand  upright 
Dok  at  the  distant  horizon  the  horopter  is  (approximately,  for 
H  long-sighted  persons)  a  plane  drawn  through  our  feet,  that  is 
\  is  the  ground  on  which  we  stand ;  the  advantage  of  this  is 


us. 


Fia.  52.    DiAOBAif  illustratino  a  simple  Hobopteb. 

ten  the  visiial  axes  converge  at  C,  the   images  a  a   of  any  point  A  on  the 
drawn  through   C  and  the  optical  centres  k  k,  wiU   fall  on  corresponding 


I  determining  the  position  of  corresponding  points  it  must  be  remem- 
,  as  Helmholtz^  has  shewn,  that  while  the  horizontal  meridians  of  the 
elds  really  correspond,  it  is  the  apparent  and  not  the  real  vertical 
ians  which  are  combined  into  one  image  in  binocular  vision,  and  it  is 
ore  by  these  that  the  corresponding  points  must  be  determined.  If 
reas  be  marked  with  lines  nearly  but  not  quite  vertical,  those  on  the 
side  inclining  to  the  left,  and  those  on  the  left  to  the  rights  the 
r  when  judged  by  the  right  eye  will  appear  vertical,  though  their 
will  be  apparent  to  the  left  eye,  and  the  latter  will  api)ear  vertical 
)  left  eye  but  not  to  the  right  When  combined  in  a  stereoscope 
"e,  the  lines  in  spite  of  their  not  being  parallel  will  appear  completely 
Qcide,  shewing  that  it  is  the  apparent  position  of  the  vertical  lines 
L  must   be   taken    into   consideration  in  determining  corresponding 

1  Proc.  Roy,  Soc.  xiii.  (1864)  p.  106. 
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Sec.  5.    Visual  Judgments. 

Binocular  vision  is  of  use  to  us  inasmuch  as  the  one  eye  is  able 
to  fill  up  the  gaps  and  imperfections  of  the  other.  For  example, 
over  and  above  the  monocular  filling  up  of  the  blind  spot,  of  which 
we  spoke  in  page  434,  since  the  two  blind  spots  of  the  two  eyes,  being 
each  on  the  nasal  side,  are  not  '  corresponding '  parts,  the  one  eye 
supplies  that  part  of  the  field  of  vision  which  is  lacking  in  the  other. 
And  other  imperfections  are  similarly  made  good.  But  the  great  use 
of  binocular  vision  is  to  afford  us  means  of  forming  visual  judgments 
concerning  the  form,  size,  and  distance  of  objects. 

Judgment  of  Distance  and  Siase.    The  perceptions  which  we 

gain  simply  and  solely  by  our  field  of  vision  concern  two  dimensions 
only.  We  can  become  aware  of  the  apparent  size  of  any  part  of  the 
field  corresponding  to  any  particular  object,  and  of  its  topographical 
relations  to  the  rest  of  the  field,  but  no  more.  Had  we  nothing 
more  to  depend  on,  our  sight  would  be  almost  valueless  as  far  as  any 
exact  information  of  the  external  world  was  concerned.  By  asso- 
ciation of  the  visual  sensations  with  sensations  of  touch,  and  with 
sensations  derived  from  the  movements  of  the  eyeballs  required  to 
make  any  such  part  of  the  field  as  corresponds  to  a  particular  object 
distinct,  we  are  led  to  form  judgments,  i.e.  to  draw  conclusions  con- 
cerning the  external  world  by  means  of  an  interpretation  of  our 
visual  perceptions.  Looking  before  us,  we  say  we  see  a  certain 
object  of  a  certain  colour  nearly  in  front  of  us,  or  much  on  our  right 
hand  or  much  on  our  left;  that  is  to  say,  we  judge  such  an  object  to 
be  in  such  a  position  because  from  the  constitution  of  our  brain, 
strengthened  by  all  our  experience,  we  associate  such  a  part  of  our 
field  of  vision  with  such  an  object.  The  subjective  visual  complex 
sensation  or  perception  is  to  us  a  symbol  of  the  external  object 

Even  with  one  eye  we  can,  to  a  certain  extent,  form  a  judgment, 
not  only  as  to  the  position  of  the  object  in  a  plane  at  right  angles  to 
our  visual  axis,  but  also  as  to  its  distance  from  us  along  the  risual 
axis.  If  the  object  is  near  to  us,  we  have  to  accommodate  for  near 
vision;  if  far  from  us,  to  relax  our  accommodation  mechanism  so  that 
the  eye  becomes  adjusted  for  distance.  The  muscular  sense  (see 
chap.  IV.  sec.  4)  of  this  effort  enables  us  to  form  a  judgment  whether 
the  object  is  far  or  near.  Seeing  the  narrow  range  of  our  accommoda- 
tion, and  the  slight  muscular  effort  which  it  entails,  all  monocular 
judgments  of  distance  must  be  subject  to  much  error.  Ever}'onewho 
lias  tried  to  thread  a  needle  A\itliout  using  both  eyes,  knows  how  great 
these  errors  may  be.  When,  on  the  other  hand,  we  use  two  eyes,  wc 
have  still  the  variations  in  accommodation,  and  in  addition  have  all 
the  assistance  which  arises  from  the  muscular  effort  of  so  directing' 
the  two  eyes  on  the  object  that  single  vision  shall  result.  When  the 
object  is  near,  we  converge  our  visual  axes;  when  distant,  we  bring 
them  back  towards  parallelism.     This  necessary  contraction  of  tho 
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ocular  muscles  affords  a  muscular  sense,  1)j  the  help  of  which  we  form 
a  judgment  as  to  the  distance  of  the  object.  Hence,  when  by  any 
means  the  convergence  which  is  necessary  to  bring  the  object  into 
fdngle  vision  is  lessened,  the  object  seems  to  become  more  distant; 
when  increased,  to  move  further  away,  as  may  be  seen  in  the 
stereoscope. 

The  judgment  of  size  is  closely  connected  with  that  of  distance. 
Our  perceptions,  gained  exclusively  from  the  field  of  vision,  go  no 
fieirther  than  the  apparent  size  of  the  image,  i.e.  of  the  angle  sub- 
tended by  the  object  The  real  size  of  the  object  can  only  be 
gathered  from  the  apparent  size  of  the  image  when  the  distance  of 
the  object  from  the  eye  is  known.  Thus  perceiving  directly  the 
apparent  size  of  the  image,  we  judge  the  distance  of  the  object 
giving  the  image,  and  upon  that  come  to  a  conclusion  as  to  its 
wze.  And  conversely,  when  we  see  an  object,  of  whose  real  size 
"we  are  otherwise  aware,  or  are  led  to  think  we  are  aware,  our 
judgment  of  its  distance  is  influenced  by  its  apparent  size.  Thus 
when  in  our  field  of  vision  there  appears  the  image  of  a  man,  know- 
ing otherwise  the  ordinary  size  of  man,  we  infer,  if  the  image  be 
▼ery  small,  that  the  man  is  far  off.  The  reason  of  the  image  being 
small  may  be  because  the  man  is  far  off,  in  which  case  our  judgment 
is  correct;  it  may  be,  however,  because  the  image  has  been  lessened 
by  artificial  dioptric  means,  as  when  the  man  is  looked  at  through 
an  inverted  telescope,  in  which  case  our  judgment  becomes  a  delusion. 
So  also  an  image  on  a  screen  when  gradually  enlarged  seems  to  come 
forward,  when  gradually  diminished  seems  to  recede.  In  these  cases 
the  influence  on  our  judgment  of  the  muscular  sense  of  binocular 
adjustment,  or  monocular  accommodation,  is  thwarted  by  the  more 
direct  influence  of  the  association  between  size  and  distance. 

Judgment  of  Solidity-  When  we  look  at  a  small  circle  all 
parts  of  the  circle  are  at  the  same  distance  from  us,  all  parts  are 
equallv  distinct  at  the  same  time,  whether  we  look  at  it  with  one  eve 
or  with  two  eyes.  When,  on  the  other  hand,  we  look  at  a  sphere,  the 
various  parts  of  which  are  at  different  distances  from  us,  a  sense 
of  the  accommodation,  but  much  more  a  sense  of  the  binocular 
adjustment,  of  the  convergence  or  the  opposite  of  the  two  eyes, 
required  to  make  the  various  parts  successively  distinct,  makes  us 
aware  that  the  various  parts  of  the  sphere  are  unequally  distant;  and 
from  that  we  form  a  judgment  of  its  solidity.  As  with  distance  of 
objects,  so  with  solidity,  which  is  at  bottom  a  matter  of  distance  of 
the  parts  of  an  object,  we  can  form  a  judgment  with  one  eye  alone ; 
but  our  ideas  become  much  more  exact  and  trustworthy  when  two 
eyes  are  used.  And  we  are  much  assisted  by  the  effects  produced 
uj  the  reflection  of  light  from  the  various  surfaces  of  a  solid  object; 
so  much  so,  that  raised  surfaces  may  be  made  to  appear  depressed, 
or  vice  versa,  and  flat  surfaces  either  raised  or  depressed,  by  appro- 
.priate  arrangements  of  shadings  and  shadow. 
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Binocular  vision,  moreover,  affords  us  a  means  of  judging  of  tlie 
solidity  of  objects,  inasmuch  as  the  image  of  any  solid  object  which 
falls  on  to  the  right  eye  cannot  be  exactly  like  that  which  &Ils  on 
the  left,  though  both  are  combined  in  the  single  perception  of  the 
two  eyes.  Thus,  when  we  look  at  a  truncated  pyramid  placed  in  the 
middle  line  before  us,  the  image  which  falls  on  the  right  eye  is  of  the 
kind  represented  in  Fig.  53  R,  while  that  which  falls  on  the  left  eje 
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has  the  form  of  Fig.  53  L;  yet  the  perception  gained  from  the  two 
images  together  con-esponds  to  the  form  of  which  Fig.  53  B  is  the 
projection.  Whenever  we  thus  combine  in  one  perception  two  dissi- 
milar images,  one  of  the  one,  and  the  other  of  the  other  eye,  we 
judge  that  the  object  giving  rise  to  the  images  is  solid. 

This  is  the  simple  principle  of  the  stereoscope,  in  which  two 
slightly  dissimilar  pictures,  such  as  would  correspond  to  the  viidon  of 
each  eye  separately,  are,  by  means  of  reflecting  mirrors,  as  in  Wheat- 
stone's  original  instrument,  or  by  prisms,  as  in  the  form  introduced 
by  Brewster,  made  to  cast  images  on  corresponding  parts  of  the  two 
retinas  so  as  to  produce  a  single  perception.  Though  each  picture  is 
a  surface  of  two  dimensions  only,  the  resulting  perception  is  the  same 
as  if  a  single  object,  or  group  of  objects,  of  three  dimensions  had 
been  looked  at. 

It  might  be  supposed  that  the  judgment  of  solidity  which  arises 
when  two  dissimilar  images  are  thus  combined  in  one  perception, 
was  due  to  the  fact  that  all  parts  of  the  two  images  cannot  fall  on 
corresponding  parts  of  the  two  retinas  at  the  same  time,  and  that 
therefore  tlie  combination  of  the  two  needs  some  movement  of  the 
eyes.  Thus,  if  we  superimpose  R  on  L  (Fig.  53),  it  is  evident  that 
-when  the  bases  coincide  the  truncated  apices  will  not,  and  vice  rerw; 
hence,  when  tlie  bases  fall  on  corresponding  parts,  the  apices  will  not 
be  combined  into  one  image,  and  vice  versa ;  in  order  that  both  dwt 
be  combined,  there  must  be  a  slight  rapid  movement  of  the  eyes 
from  the  one  to  the  other.  That,  however,  no  such  movement  is 
necessary  for  each  jmrticukir  case  is  shewn  by  the  fact  that  solid 
objects  appear  as  such  when  illuminated  by  an  electric  spark,  the 
duration  of  which  is  too  short  to  permit  of  any  movements  of  the 
eyes.  If  the  flash  occurred  at  the  moment  that  the  eyes  were  bino- 
cularly  adjusted  for  the  bases  of  the  pyramids,  the  two  apices  not 
falling  on  exactly  corresponding  parts  would  give  rise  to  two  percep- 
tions, and  the  whole  object  ought  to  appear  confused.     That  it  does 
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not,  but,  on  the  contrary,  appears  a  single  solid,  must  be  the  result 
of  cerebral  operations,  resulting  in  what  we  have  called  a  judgment. 

Struggle  of  the  two  Fields  of  Vision.    If  the  images  of  two  sur- 

fSeices,  one  black  and  the  other  white,  are  made  to  fall  on  corresponding 
parts  of  the  eye,  so  as  to  be  united  into  a  single  perception,  the  result 
IS  not  always  a  mixture  of  the  two  impressions,  that  is  a  grey,  but,  in 
many  cases,  a  sensation  similar  to  that  produced  when  a  polished 
surface,  such  as  plumbago,  is  looked  at ;  the  surface  appears  brilliant. 
The  reason  probably  is  because  when  we  look  at  a  polished  surface 
the  amount  of  reflected  light  which  falls  upon  the  retina  is  generally 
different  in  the  two  eyes ;  and  hence  we  associate  an  unequal  stimu- 
lation of  the  two  retinas  with  the  idea  of  a  polished  surface.  So 
aIso  when  the  impressions  of  two  colours  are  united  in  binocular 
vision,  the  result  is  in  most  cases  not  a  mixture  of  the  two  colours, 
as  when  the  same  two  impressions  are  brought  to  bear  together  at  the 
same  time  on  a  single  retina,  but  a  struggle  between  the  two  colours, 
now  one,  and  now  the  other,  becoming  prominent,  intermediate  tints 
however  being  frequently  passed  through.  This  may  arise  from  the 
difficulty  of  accommodating  at  the  same  time  for  the  two  different 
colours  (see  p.  412);  if  two  eyes,  one  of  which  is  looking  at  red,  and 
the  other  at  blue,  be  both  accommodated  for  red  rays,  the  red  sensa- 
tion will  overpower  the  blue,  and  vice  versa.  It  may  be  however  that 
the  tendency  to  rhythmic  action,  so  manifest  in  other  simpler  mani- 
festations of  protoplasmic  activity,  makes  its  appearance  also  in  the 
'higher  cerebral  labours  of  binocular  vision* 


Sec.  6.    The  Pkotective  Mechanisms  of  the  Eye. 

The  eyeball  is  protected  by  the  eyelids,  which  are  capable  of 
movements  called  respectively  opening  and  shutting  the  eye.  The 
eve  is  shut  by  the  contraction  of  the  orbicularis  muscle,  carried  out 
either  as  a  reflex  or  voluntary  act,  by  means  of  the  facial  nerve. 
The  eye  is  opened  chiefly  by  the  raising  of  the  upper  eyelid,  through 
the  contraction  of  the  levator  palpebnc  carried  out  by  means  of  the 
third  nerve.  The  upper  eyelid  is  also  raised  and  the  lower  depressed, 
the  eye  being  thus  opened,  by  means  of  plain  muscular  fibres  existing 
in  the  two  eyelids  and  governed  by  the  cervical  sympathetic.  The 
shutting  of  the  eye  as  in  winking  is  in  general  effected  more  rapidly 
than  the  opening. 

The  eye  is  kept  continually  moist  partly  by  the  secretion  of  the 
fflands  in  the  conjunctiva,  and  of  the  Meibomian  glands,  but  chiefly 
by  the  secretion  of  the  lachrymal  gland.  Under  ordinary  circum- 
gUuioes  the  fluid  thus  formed  is  carried  away  by  the  lachrymal  canals 
into  the  nasal  sac  and  thus  into  the  cavity  of  the  nose.  When  the 
■ecretion  becomes  too  abundant  to  escape  in  this  way  it  overflows  on 
to  the  cheeks  in  the  form  of  tears. 
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If  a  quantity  of  teais  lie  collected,  they  are  found  to  fonn  a  clear 
faintly  alkaline  fluid,  in  many  respects  like  saliva,  contuning  about 
1  p.  c.  of  solids,  of  which  a  small  part  is  pioteid  in  nature.  Among 
the  salts  present  sodium  chloride  is  conspicuous. 

The  nervous  mechanism  of  the  secretion  of  tears,  in  many  respects, 
resembles  that  of  the  secretion  of  saliva.  A  flow  is  usuaUy  broogbt 
about  either  in  a  reflex  manner  by  stimuli  applied  to  the  conjunctiva, 
the  nasal  mucous  membrane,  tongue,  optic  nenre,  &a  or  more  directly 
by  emotions.  Venous  oongc^on  of  the  head  is  also  said  to  cause  a 
flow.  The  efferent  nerves  belong  either  to  the  oerebro-spinal  system, 
(the  lachrymal  and  orbital  branches  of  the  fifth  nerve,)  or  arise  from 
the  cervical  sympathetic,  the  afferent  nerves  vaiying  aoooiding  to  the 
exciting  cause. 

Herzenstein^  and  Wolferx'  shewed  that  stimnlafcion  tii  the  peripheral 
end  of  the  divided  lachrymal  branch  of  the  fifth  nerve  piodaoed  a  oopioai 
flow  of  tears.  After  division  of  this  branch  stimulation  of  the  nasal  mnoooi 
membrane  produced  no  increased  flow :  the  reflex  act  ooold  not  be  carried 
OUT.  Stimulation  of  the  orbital  (sabcntaneoos  malar)  branch  abo  prodnead 
an  iDcreased  flow  but  not  to  so  marked  an  extent^  or  so  oonstantj^  as  did 
stimulation  of  the  lachrymal  branch.  Aooording  to  WoUenK*  and  Beidi*, 
stimulation  of  the  upper  end  of  the  divided  cervical  sympathetio  abo  pro- 
duces on  increased  flow,  even  aftor  division  of  the  laduymal  nerve ;  HeoBA- 
&teiu*s  results  on  this  point  wer«  nnoertain  or  negative.  Bckh  also  mun- 
tains  that  stimulation  of  the  peripheral  portion  of  the  divided  rool  of  the 
fifth  nerve  does  not  excite  the  ^and,  bnt  that,  after  watStt  a  diviakm,  the 
flow  of  tears  may  be  excited  in  a  neflex  maniiBr  as  nsoal.  This  would  ahov 
that  the  secretory  fibres  in  the  kchrymal  brandi  do  not  belong  pmyerly 
to  the  fifth  nerve.  Reich  believes  that  they  oome  however  not  from  tiie 
facia],  as  micbi  by  analogy  with  the  bnbmaxillary  gland  be  sapposed,  but 
frv»m  the  sympathetic 
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The  net  of  winking  nndoabtedly  favours  the  passage  of  tean 
thn>i:gh  the  lachiymal  canals  into  the  nasal  sac,  and  hence  when  the 
orMouiaris  is  panilys<:>i  tears  do  not  pass  so  readily  as  usual  into  the 
iK*se :  bu:  :he  exact  mechanism  by  which  this  is  effected  has  been 
muoh  vlisvuie-i.  Acconiing  to  some  authors,  the  contraction  of  the 
i»rb:ouI:ir.s  prt^sos  the  nuid  onwards  out  of  the  canals,  which,  upon 
the  n?l;*»xaiiou  of  the  orbicularis,  dilate  and  receive  a  firesh  quantity. 
Pciiit^kh-viiko*  states  that  a  swolal  arrangement  of  muscular  fibres 
k^vi>s  the  o;iii:us  ot-vn  even  during  the  closing  of  the  lids,  so  that  the 

pi\ssi;rv*  of  the  c-.^:itniot::n  of  the  orbicularis  is  able  to  have  fuU  effect 
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CHAPTER  III. 


HEARING,  SMELL,  AND  TASl^E. 


Sec.  1.    Heabing. 

n  the  eye,  so  in  the  ear,  we  have  to  deal  first  with  s,  nerve  of  ^ 
al  sense,  the  stimulation  of^  which  gives  rise  to  a  special  sensa- 
;  secondly  with  terminal  organs  through  which  the  physical 
ges  propet  to  the  special  sense  are  enabled  to  act  on  the  nerve ;  and 
Uy  with  subsidiary  apparatus,  by  which  the  usefulness  of  the  sense 
creased.  The  central  connections  of  the  auditory  nerve  are  such 
whenever  the  auditory  fibres  are  stimulated,  whether  by  means 
e  terminal  organs  in  the  usual  way  or  by  the  direct  application  of 
oil,  electrical,  mechanical,  &c.,  the  result  is  always  a  sensation  of 
d.  Just  as  stimulation  of  the  optic  fibres  produces  no  other 
ition  than  that  of  light,  so  stimulation  of  the  auditory  fibres  pro- 
8  no  other  sensation  than  that  of  sound  \  The  terminal  organs 
16  auditory  nerve  are  of  two  kinds :  the  complicated  organ  of 
i  in  the  cochlea,  and  the  epithelial  arrangements  of  the  maculse 
cristsB  acusticse'in  other  parts  of  the  labyrinth.  Waves  of  sound 
ig  on  the  auditory  nerve  itself,  produce  no  effect  whatever ;  it  is 
when  by  the  medium  of  the  endolymph  they  are  brought  to 
on  the  delicate  and  peculikr  epithelium  cells  which  constitute 
peripheral  terminations  of  the  nerve,  that  sensations  of  sound 
.  Such  delicate  structures  are  for  the  sake  of  protection  natu- 
withdrawn  from  the  surface  of  the  body  where  they  would  be 
3Ct  to  injury.  Hence  the  necessity  of  an  acoustic  apparatus, 
ing  the  middle  and  external  ear,  by  which  the  waves  of  sound  are 
,  advantageously  conveyed  to  the  terminal  organs. 

The  Accmstio  Apparatus. 

Vaves  of  sound  can  and  do  reach  the  endolymph  of  the  labyrinth 
lirect  conduction  through  the  skull.  Since  however  sonorous 
itions  are  transmitted  with  great  difficulty  from  the  air  to  solids 
liquids,  and  most  sounds  come  to  us  through  the  air,  some  special 

[t  wfll  be  Been  later  on  that  there  are  reasons  for  thinking  that  impnlsee  passing 
the  auditory  nerve  may  gire  rise  to  other  effects  than  auditory  ftenBoAioiii^. 
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apparatus  is  required  to  transfer  the  aerial  vibrations  to  the  liquids 
of  the  internal  ear.  This  apparatus  is  supplied  bj  the  tympanum 
and  its  appendages. 

The  concha.  The  use  of  this,  as  far  as  hearing  is  concerned,  is  to 
collect  the  waves  of  sound  coming  in  various  directions,  and  to  direct 
them  on  to  the  membrana  tympani.  In  ourselves  of  moderate  service 
only,  in  many  animals  it,  is  of  great  importance. 

The  membrana  tympani    It  is  a  characteristic  property  of 

stretched  membranes  that  they  are  readily  thrown  into  vibration  by 
aerial  waves  of  sound.  The  membrana  tympani,  from  its  peculiar 
conformation,  being  funnel-shaped  with  a  depressed  centre  surrounded 
by  sides  gently  convex  outwards,  is  peculiarly  susceptible  to  sonorons 
vibrations,  and  is  most  readily  thrown  into  corresponding  movements 
when  waves  of  sound  reach  it  by  the  meatus.  It  has  moreover  this 
useful  feature,  that  unlike  other  stretched  membranes,  it  has  no 
marked  note  of  its  own.  It  is  not  thrown  into  vibrations  by  waves  of 
a  particular  length  more  readily  than  by  others.  It  answers  equally 
well  within  a  considerable  range,  to  vibrations  of  very  different  wave- 
lengths. Had  it  a  fundamentstl  tone  of  its  own,  we  should  be  dis- 
tracted by  the  prominence  of  this  note  in  most  of  the  sounds  we 
hear. 

The  auditory  ossicles.  The  malleus,  the  handle  of  which  de- 
scending forwards  and  inwards,  is  attached  to  the  membrana  tym- 
pani, and  the  incus,  whose  long  process  is  connected  by  means  of  its 
OS  orbiculare  or  lenticular  process  and  the  stapes  to  the  fenestra 
ovalis,  form  together  a  body  which  rotates  round  an  axis,  passing 
through  the  short  process  of  the  incus,  the  bodies  of  the  incus  ana 
malleus,  and  the  processus  gracilis  of  the  malleus.  When  the  mal- 
leus is  carried  inwards,  the  incus  moves  inwards  too,  and  when  the 
malleus  returns  to  its  position,  the  incus  returns  with  it,  the  peculiar 
saddle-shaped  joint  with  its  catch  teeth  permitting  this  movement 
readily,  but  preventing  the  stapes  being  pulled  back  when  the  mem- 
brana tympani  with  the  malleus  is,  for  any  reason,  pushed  outwaiJs 
more  than  usual ;  the  joint  then  gapes,  so  as  to  permit  the  malleus 
to  be  moved  alone.  Various  ligaments,  the  superior  or  suspensory, 
anterior,  and  external,  also  serve  to  keep  the  malleus  in  place.  The 
whole  scries  of  ossicles  may  be  regarded  as  a  lever,  the  fulcrum  of 
which  is  situated  at  the  ligamental  attachment  of  the  short  processaa 
of  the  incus  to  the  posterior  wall  of  the  tympanum.  The  long,  mal- 
leal  arm  of  this  lever  is  about  9^  mm.,  the  short,  stapedial,  6J  mm. 
in  length;  hence  the  movements  of  the  stapes  are  less  than  thoee 
of  the  tympanum ;  but  the  loss  in  amplitude  is  made  up  by  a  gain 
of  force,  which  is  in  itself  an  obvious  advantage. 

Thus  every  movement  of  the  tympanic  membrane  is  transmitted 
through  this  chain  of  ossicles  to  the  membrane  of  the  fenestra  ovalis, 
and  so  to  the  perilymph  of  the  labyrinth;  the  vibrations  of  the 
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tympanic  membrane  are  conveyed  with  increased  intensity,  though 
with  diminished  amplitude,  to  the  latter.  That  the  bones  thus 
move  en  masse  has  been  proved  by  recording  their  movements  in 
the  usual  graphic  method.  A  very  light  style  attached  to  the 
incus  or  stapes  is  made  to  write  on  a  travelling  surface ;  when  the 
membrana  tympani  is  thrown  into  vibrations  by  a  sound,  the  curves 
described  by  the  style  indicate  that  the  chain  of  bones  moves  with 
every  vibration  of  the  tympanum.  On  the  other  hand,  the  com- 
paratively loose  attachments  of  the  several  bones  is  an  obstacle  to 
the  molecular  transmission  of  sonorous  vibrations  through  them. 
Moreover,  sonorous  vibrations  can  only  be  transmitted  to  or  pass 
along  such  bodies  as  either  are  very  long  compared  to  the  length 
of  the  sound-waves,  or,  as  in  the  case  of  membranes  and  strings, 
have  one  dimension  very  much  smaller  than  the  others.  Now  the 
bones  in  question  are  not  exceedingly  thin  in  any  dimension,  but 
are  in  all  their  dimensions  exceedingly  small  compared  with  the 
length  of  the  vibrations  of  even  the  shrillest  sounds  we  are  capable 
of  hearing ;  hence  they  must  be  useless  for  the  molecular  propaga- 
tion of  vibrations. 

The  tensor  tympani  mnscle  is  of  use  in  preventing  the  membrana 
^n^^pani  being  pushed  out  far.  Its  contractions,  by  rendering  the 
membrane  more  tense,  lessen  the  amount  of  vibration,  and  moderate 
the  apparent  loudness  of  a  sound.  Its  activity  in  this  direction  is 
ululated  by  a  reflex  action,  but  in  some  persons  it  seems  to  be 
partly  under  the  dominion  of  the  will;  since  a  peculiar  crackling 
noise  which  these  persons  can  produce  at  pleasure  appears  to  be  caused 
hy  a  contraction  of  the  tensor  tympanL 

The  stapedius  muscle  is  supposed  to  regulate  the  movements  of 
the  stapes,  and  especially  to  prevent  its  base  being  driven  too  far 
into  the  fenestra  ovalis  during  large  or  sudden  movements  of  the 
membrana  tympani. 

A  contraction  of  the  stapedius  by  itself  would  have  the  effect  of  pulling 
'die  binder  end  of  the  base  of  the  stapes  out  of,  and  of  pushing  the  front 
end  into,  the  fenestra  ovalis;  and  this  might  give  rise  to  a  wave  in  the 
parflymph.  For  speculations  on  this  and  on  the  reason  why  the  sbMiKxlius 
is  governed  by  the  facial  and  the  tensor  tympani  by  the  fifth  nerve,  see 

Bodge*. 

The  so-called  laxator  tympani  is  considered'  to  be  not  a  muscle  at  all, 
Imt  a  part  of  the  ligamentous  supports  of  the  malleus. 

The  Eustachian  Tube.  This  serves  to  maintain  an  equilibrium 
of  pressure  between  the  external  air  and  that  within  the  tympanum, 
emd  to  serve  as  an  exit  for  the  secretions  of  that  cavity.  Were  the 
tympanum  permanently  closed  the  vibrations  of  the  membrana  tym- 
pani would  be  injuriously  affected  by  variations  of  pressure  occurring 
€nther  inside  or  outside. 

1  PflOger's  Arehiv,  (1874)  iz.  460. 

s  Helmholts,  PfiUger's  Arehiv,  z.  (1868)  1.    Henle,  iinatomie,  n.  14.^. 
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The  Eustachian  tube  is  nndoubtedlj  open  dnring  swallowing,  hot  it 
is  still  disputed  whether  it  remains  permanently  open,  or  is  opoied  only 
at  interrals. 

Auditory  Sensations. 

Each  vibration  communicated  by  the  stapes  to  the  perilymph 
travels  as  a  wave  over  the  vestibule,  the  semicircular  canak,  aiid 
other  parts  of  the  labyrinth,  and  is  there  transmitted  to  the  endo- 
lymph ;  it  passes  on  from  the  vestibule  into  the  scala  vestibuli  of  the 
cochlea,  and  descending  the  scala  tympani,  ends  as  an  impulse  against 
the  membrane  of  the  fenestra  rotunda.    In  the  macalse  and  crisis 
the  vibrations  of  the  endolymph  are  supposed  to  throw  into  corre- 
sponding vibrations  the  so-c^ed  auditory  hairs.     In  the  cochlea  the 
vibrations  of  the  perilymph  are  supposed  to  throw  into  vibrations 
the  basilar  membrane  with  the  superimposed  organ  of  CSorti,  consist- 
ing of  the  rods  of  Corti  with  the  inner  and  outer  hair-cells.     The 
vibrations  thus  transmitted  to  these  structures  give  rise  to  nervous 
impulses  in  the  terminations  of  the  auditory  nerves,  and  these  im- 
pulses reaching  certain  parts  of  the  brain  produce  what  we  call 
auditory  sensations.     We  are   accustomed   to  divide  our  auditoiy 
sensations  into  those  caused  by  noises  and  those  caused  by  musical 
sounds.     It   is   the  characteristic  of  the  latter  that  the  vibrations 
which  constitute  them  are  periodical;  they  occur  and  recur  at  r^ular 
intervals.     When  no  periodicity  is  present  in  the  vibrations,  when 
the  repetition  of  the  several  vibrations  is  irregular,  or  the  period  so 
complex  as  not  to  be  readily  appreciated,  the  sensation  produced  is 
that  of  a  noise.     There  is  however  no  abrupt  line  between  the  twa 
Between  a  pure  and  simple  musical  sound  produced  by  a  series  of 
vibrations  each  of  which  has  exactly  the  same  wave-length,  and  a 
harsh  noise,  in  which  no  consecutive  vibrations  may  be  alike,  there 
are  numerous  intermediate  stages. 

In  both  noises  and  musical  sounds  we  recognise  a  character 
which  we  call  loudness.  This  is  determined  by  the  amplitude  of  the 
vibrations ;  the  greater  the  disturbance  of  the  air  (or  other  medium) 
the  louder  the  sound.  In  a  musical  sound  we  recognise  also  a 
character  which  we  call  pitch.  This  is  determined  by  the  wave- 
length of  the  vibrations;  the  shorter  the  wave-length,  the  larger 
the  number  of  consecutive  vibrations  which  fall  upon  the  ear  in  a 
second,  the  higher  the  pitch.  We  are  able  to  speak  of  a  whole 
series  of  tones  or  musical  sounds  of  different  pitch,  from  the  lowest 
to  the  highest  audible  tone.  And  even  in  many  noises  we  can,  to  a 
certain  extent,  recognise  a  pitch,  indicating  that  among  the  multi- 
farious vibrations  there  is  a  periodicity  with  fixed  intervals. 

Lastly,  we  distinguish  musical  sounds  by  their  quality ;  the  same 
note  sounded  on  a  piano  and  on  a  violin  produce  very  different  sen- 
sations, even  when  a  series  of  vibrations  having  in  each  case  the  same 
period  of  repetition  is  set  going.     This  arises  from  the  £eu^  that  the 


Obap.  m.]  HEARING.  453 

musical  sounds  generated  by  most  musical  instruments  are  not  simple 
but  compound  vibrations.  When  the  note  C  in  the  treble  for  m- 
stance  is  struck  on  the  piano,  it  is  perfectly  true  that  a  series  of 
Tibrations  with  a  period  characteristic  of  the  pure  tone  of  the  treble 
C  are  started,  but  it  is  also  true  that  those  vibrations  are  accom* 
panied  by  other  vibrations  with  periods  characteristic  of  the  C  in  the 
octave  above,  of  the  G  above  that,  of  the  C  in  the  next  octave,  and  of 
the  E  above  that.  And  it  is  the  effect  of  all  these  vibrations  together 
on  the  ear  which  causes  the  sensation  which  we  associate  with  the 
Bound  of  the  treble  C  on  the  piano.  Almost  all  musical  sounds  are 
thus  composed  of  what  is  called  a  '  fundamental  tone'  accompanied  by 
a  number  of  'overtones.'  And  the  overtones  varying  in  number  and 
relative  prominence  in  different  instruments,  give  rise  to  a  difference 
in  the  sensation  caused  by  the  whole  tone.  So  that  while  the  funda- 
mental tone  determines  the  pitch  of  the  sound,  the  quality  of  the 
-sound  is  determined  by  the  number  and  relative  prominence  of  the 
overtones.  In  a  similar  way  we  distinguish  the  quality  of  noises,  such 
as  a  banging,  crackling,  or  rustling  noise,  by  the  predominance  of 
vibrations  having  a  less  orderly  character,  and  recurring  less  regularly 
than  those  of  a  musical  sound. 

Since  we  have  a  very  considerable  appreciation,  capable  by  exer- 
ose  of  astonishing  enlargement,  of  the  loudness,  pitch,  and  quality  of 
a  wide  range  of  noises  and  musical  sounds,  it  is  clear  that,  within  the 
limits  of  hearing,  each  vibration  or  series  of  vibrations  must  produce 
its  effect  on  the  auditory  nerves,  according  to  the  measure  of  its 
intensity  and  period.  Out  of  those  effects,  out  of  the  sensory  im- 
pulses to  which  the  several  vibrations  thus  give  rise,  are  generated 
our  sensations  of  the  noise  or  of  the  sound. 

The  vibrations  of  a  musical  sound  (and  since  noises  are  so  im- 
perfectly understood,  we  may,  with  benefit,  chiefly  confine  ourselves 
to  musical  sounds),  as  they  pass  through  the  air  (or  other  medium) 
are  not  discrete;  the  vibrations  corresponding  to  the  fundamental 
tone  and  overtones  do  not  travel  as  so  many  separate  waves ;  they 
all  together  form  one  complex  disturbance  of  the  medium ;  and  it  is 
as  one  composite  wave  that  the  sound  falls  on  the  membrana  tympani, 
and  passing  through  the  auditory  apparatus,  breaks  on  the  termina- 
tions of  the  auditory  nerve.  And  when  two  or  more  musical  sounds 
are  heard  at  the  same  time,  the  same  fusion  of  waves  occurs.  Since 
we  can  distinguish  several  tones  reaching  our  ear  at  the  same  time,  it 
is  clear  that  we  must  possess  in  our  minds  or  in  our  ears  some 
means  of  analysing  these  composite  waves  of  sound  which  fall  on 
oor  acoustic  organs,  and  of  sorting  out  their  constituent  vibrations. 

There  is  at  hand  a  simple  and  easy  physical  method  of  analysing 
composite  sounds.  If  a  person  standing  before  an  open  piano  sings 
out  any  note,  it  will  be  observed  that  a  number  of  the  strings  of 
the  piano  will  be  thrown  into  vibration,  and  on  examination  it  will 
be  round  that  those  strings  which  are  thus  set  going  correspond  in 
to  the  fundamental  tone  and  to  the  several  overtones  of  the  note 
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8UDg.  The  note  sung  reaches  the  strings  as  a  complex  wave,  bat 
these  strings  are  able  to  analyse  the  wave  into  its  constituent  vibra- 
tions, each  string  taking  up  those  vibrations  and  those  vibrations 
only  which  belong  to  tlie  tone  given  forth  by  itself  when  struck.  If 
we  suppose  that  each  terminal  fibril  of  the  auditory  nerve  is  con- 
nected with  an  organ  so  far  like  a  piano-string  that  it  will  readilj 
vibrate  in  response  to  a  series  of  vibrating  impulses  of  a  given 
period  and  to  none  other,  and  that  we  possess  a  number  of  such 
terminal  organs  sufficient  for  the  analysis  of  all  the  sounds  which  we 
can  analyse,  and  that  each  terminal  organ  so  affected  by  particular 
vibrations  gives  rise  to  a  sensory  impulse  and  thus  to  a  sensation  of 
a  distinct  character — if  we  suppose  these  organs  to  exist,  our  ap- 
preciation of  sounds  is  in  a  large  measure  explained.  In  the  orcan 
of  Corti  we  find  structures  the  arrangement  of  which  irresistuJy 
suggests  to  us  that  these  are  the  organs  we  are  seeking.  We  have 
only  to  suppose  that  of  the  long  series  of  rods  of  Corti,  varying  regu- 
larly as  these  do  from  the  bottom  to  the  top  of  the  spiral,  in  length 
and  in  the  span  of  their  arch,  each  pair  will  vibrate  in  response  to  a 
particular  tone,  and  the  whole  matter  seems  explained.  But  the  more 
the  subject  is  inquired  into,  the  more  complex  and  difficult  it  appears; 
and  we  are  obliged  to  conclude  that  the  part  played  by  the  rods  of 
Corti  is  only  a  subordinate  part  of  the  function  of  the  whole  organ  of 
Corti. 

In  the  first  place,  it  is  difficult  to  see  how  the  rods  of  Corti,  even  if 
they  are  thrown  into  vibration,  can  originate  sensory  impulses,  for  tha 
fibrils  of  the  auditoiy  nerve  terminate  in  the  inner  and  outer  hair-ceUs, 
and  it  is  in  these  cells,  and  not  along  the  course  of  the  fibrils  as  they  pass 
under  and  between  the  rods  of  Corti,  that  the  sensory  impulses  must  begin. 
In  the  second  place,  the  variation  in  length  of  the  fibres  along  the  seritjs  is 
insufficient  for  the  work  assigned  to  them.     Moreover,  they  appear  not 
to  be  elastic.     Lastly,  they  are  wholly  absent  in  birds,  who  very  clearlv 
can  appreciate  musical  soimds.     This  last  fact  proves  indubitably  that  the 
rods  in  question  are  not  absolutely  essential  for  the  recognition  of  tones. 
In    the  face    of  these    difficulties  it  has  been  suggested  that  the  basiLur 
membrane,  which    is    present   in    birds,  and  which,  being  tense  radiallT 
but  loose    lonfjitudinally,  i.e.   along   the   spiral   of  the    cochlea,   may,  m 
physical  investigations  shew,  be  considered  as  consisting  of  a  number  of 
parallel  radial  strings,  each  capable  of  independent  vibrations,  is  the  sought- 
for  or^u  of  analysis.     According  to  this  view,  a  particular  vibration  reach- 
ing the  scala  tympani  of  the  cochlea  throws  into  sympathetic  vibrations  a 
small  portion  of  the  basilar  membrane,  the  vibrations  of  which  in  turn 
so  affect  the  structures  overlying  it,  that  sensory  impulses  are  generated. 
These  sensory  impulses  reaching  the  brain  give  rise  to  a  corresponding 
sensation  of  a  particular  tone.     According  to  Hensen  the  radial  dimensions 
of  the    basilar  membrane  in  man  diminish   downwards   from    '495  mm. 
at  the  harauhw  to  -04125  mm.  near  the  bottom  of  the  spiral,  giving  a  much 
greater  range  than  the  rods  of  Corti,  the  difference  in  length  of  which 
is  simply  between  '048  and  '085  mm.  for  the  inner,  and  between  "OIQ  and 
•085  for  tlie  outer,  fibres. 
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The  remarkable  reticular  membrane  which  has  such  peculiar  relations 
with  the  hair-oells,  and  through  them  with  the  basilar  membrane,  must, 
one  might  imagine,  have  some  special  function;  but  it  is  impossible  to 
aatigii  to  it  any  satisfiustorj  duty.  The  structural  arrangements  seem,  if 
ai^hingy  to  indicate  that  when  a  segment  of  the  basilar  membrane  is 
thrown  into  vibrations,  the  overlying  hair-cells,  reticular  membrane,  and 
rods  of  Corti  vibrate  en  masse  together  with  it.  But  this  renders  the 
whole  matter  still  more  difficult  Indeed  the  whole  subject  is  in  the 
highest  degree  obscure,  and  the  most  we  can  say  is  that  the  organ  of  Corti 
as  a  whole  seems  to  be  in  some  way  connected  with  the  appreciation  of 
tones,  but  that  at  present  it  is  very  hazardous  to  attempt  to  explain  how  it 
acts,  or  to  assign  particular  functions  to  particular  parts.  The  distinc- 
tion between  the  inner  and  outer  hair-cells  seems  to  be  very  parallel  to  that 
between  the  rods  and  the  cones  of  the  retina;  but  even  this  analogy  may 
be  a  £idlacious  one. 

Henaen  has  observed  that  among  the  auditory  hairs  of  the  Crustacea, 
some  will  vibrate  to  particular  notes;  but  the  auditory  hairs  of  the 
mammal  are  far  too  much  of  the  same  length  to  permit  the  supposition 
that  they  can  act  as  organs  of  analysis. 

If  the  organ  of  Corti  is  the  means  by  which  we  appreciate  tones,  it 
is  evident  that  by  it  also  we  must  be  able  to  estimate  loudness,  for  the 
quality  of  a  musical  sound  is  dependent  on  the  relative  intensity,  as  well 
as  on  the  nature,  of  the  overtones.  And  since  noise  is  at  best  but  confused 
music,  the  cochlea  must  be  a  means  of  appreciating  noises  as  well  as 
sounds.  But  this  would  leave  nothing  whatever  for  the  rest  of  the 
labyrinth  to  do  as  far  as  the  appreciation  of  sound  was  concerned.  We 
have  no  reason  to  think  that  any  impulse  which  could  affect  the  hair-cells 
of  the  maculffi  and  cristse  could  not  affect  the  haii*-cells  of  the  organ  of 
CortL  That  this  part  of  the  ear  is  however  concerned  in  conscious  hearing 
is  shewn  by  its  being  the  only  auditory  organ  in  the  ichthyopsida,  unless  we 
suppose  that  in  the  higher  vertebrates  its  function  has  been  wholly  trans- 
liaiTOd  to  the  cochlea.  That  the  semicircular  canals  have  duties  apart 
from  conscious  hearing  we  shall  shew  later  on. 

Concerning  the  function  of  the  other  parts  of  the  internal  ear  we  know 
Tery  little.  The  otoliths  have  been  supposed  to  intensify  the  vibrations 
of  the  endolymph ;  but  since  apparently  they  are  lodged  in  a  quantity  of 
mocos  it  is  probable  that  they  really  act  as  dampers.  A  sitnilar  damping 
action  has  been  suggested  for  the  membrane  of  Corti  (metnbrana  tec  tor  ia) 
overhanging  the  fibres  and  hair-cells;  and  some  writers  have  supposed  that 
muscular  fibres  present  in  the  planum  semilunare  may  by  tightening  the 
basilar  membrane  serve  as  a  sori^  of  accommodating  mechanism. 

It  must  however  be  borne  in  mind  that  even  making  the  fullest 
allowance  for  the  assistance  afforded  us  by  the  organ  of  Corti,  the 
appreciation  of  any  sound  is  ultimately  a  mental  act.  The  analysis 
of  the  vibrations  by  the  fibres  of  Corti  or  the  basilar  membrane  is 
simply  preliminary  to  a  synthesis  of  the  sensory  impulses  so  generated 
into  a  complex  sensation.  Wo  do  not  receive  a  distinct  series  of 
specific  auaitory  impulses  resulting  in  a  specific  sensation  for  every 
possible  variation  in  the  wave-length  of  sonorous  vibrations  any  more 
than  we  receive  a  distinct  series  of  specific  visual  impulses  for  every 
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possible  wave-length  of  luminoos  Tibrations.  In  eftdi  case  we  haie 
probably  a  number  of  primary  sensations,  from  the  various  mingling 
of  which,  in  different  proportions,  our  varied  omplex  irnnrinMiriv, 
the  difference  between  the  eye  and  the  ear  being  that  whereas  in  the 
former  the  number  of  primary  sensations  ^peaz?  to  be  Imiiled  to 
three,  viz.  red,  green,  and  violet ;  in  the  laner,  thanks  to  the  oi|gan  of 
Corti.  the  number  is  very  large ;  what  the  exact  number  is  we  cannoc 
at  present  tell.  Our  appreciation  of  a  sound  is  at  bottom  an  appre- 
ciation of  the  combined  effect  produced  by  the  relative  intensities  to 
which  the  primary  auditoiy  sensations  are,  with  the  help  of  the  oigan 
of  Corti,  excited  by  the  sound. 

Whatever  be  the  explanation  of  the  manner  in  which  our  distinct 
auditory  sensations  arise,  the  range  and  precision  of  our  appreciation 
of  musical  sounds  is  very  great  Vibrations  with  a  reciUTence  belov 
30  a  second  are  unable  to  produce  a  sensation  of  sound  ;  if  the  wares 
are  piowerful  enough  we  may  feel  them,  but  we  do  not  hear  them  if 
the  vibrations  an?  simple,  and  such  as  would  give  rise  to  a  pure  tone; 
if  the  iimdamental  tone  is  accompanied  by  overtones  we  may  hear 
these  and  are  thus  apt  to  say  we  hear  the  former  when  in  reality 
we  only  hear  the  latter.  The  note  of  the  16-feet  organ  pipe,  33 
vibra:::ns  a  seoc-nd.  gives  us  the  sensation  of  a  droning  sound.  A 
tone  r-f  40  vibrations  is  however  quite  distinct.  In  the  other  direc- 
tion i:  is  p:«ssib!e  to  hear  a  note  caused  by  3S,000  vibrations  a 
second.  :boi;jh  the  limit  for  m«t  pers-jus  is  far  lower,  about  16.000\ 
Sonie  ]vrs:'ns  hear  grave  sounds  more  easily  than  high  ones^  and  rior 
rt">M.  This  may  be  so  pronounced  as  to  justify  the  subjects  being 
spc'kvr*  <.'! r*s  ix::^ to  grave  or  high  ::■!:«  respectively. 

The  I'.TBTtr  o:  disiinguishin^  oLe  note  from  another  varies,  as  is 
wc'/.  k:i.  ••^T..  in  viinrrtLt  iiidivijuals,  a^xx^niing  as  they  have  or  bare 
r.;:  a  *  n:v.>:oau  cat."  A  well -trained  ear  can  distinguish  between 
liXX^  ;..:.:  IOk'1  \-::rA:::i.s  a  s«\>:«nd.  The  range  of  an  ordinary  ap- 
prcvi:*::  ::  c:  Tcurs  lies  t»r:"Brrrii  W  and  -I^XNi  vibrations  a  secooi 
j".  ?-.  Kt-vx-::  :'r.r  '.:-»..->:  K«^  C  C.  S3  vibrations'  and  the  hv^i-^ 
xtkV.c  0  C  4.-4  v:-r.i:::i>  .:  :Lr  piaiio:  tones  altove  and  kK'W 
\  tv;:-.  TT :..;'.:  ;»-.:i:':'.v.  \k-.zz  vi:^::I.J--i^bed  firvi-m  each  other  with 


::ns* 


.  -  %i 

^  •»  *.  -\  •        '  *  **"    " ' "    *  V* 

Wi.iv.  :'.v;  cvr-f^-jivlv;-  >:::-.:>  fxlow  each  other  at  a  suflScioctk 
sV.^^rt  -v.tvrv^i'.  :':.-:  >•  :.5;;i::.v.>  ro:  iV-s-v.  imo  one.  In  this  respect  auai- 
:,  rv  M:-N.i:i;r.ii  ;-,r^-  ..:  <:..  r:^r  i'.ir.»::::.  TiAn  ociilar  sensations  \^T«n 
^vv!'.:\r  scv.n;i::;v.<  ,'*ri  rt;«s:.\:<e-i  :-ei.  T:n*es  in  a  second  they  become 
tV,s:<\;  :v  41' •  .  'wV.cri.^  :ir  ::/£s  :f  a  T^endulum  beating  100  in  a 
s;\vr.,:  V.ro  :v...::'.y  ,',:;..  ".■:  a5  .i:>::r=r:  S-'Unds.  When  two  tuniuir- 
^^^^s  r., :  /..:.:i  ::.  ".v.v.-:  .%r-:  >:r::k  :.:cv:ber  the  interference  of  the 
\  -.V/.t^  :.s  ;,-.\  V  s  :->;  : .  av.  ;»!:* r..A::r^  rl>-:-  and  fall  of  the  sound,  knowQ 
AS    Kw'.n'     W.-:.  ;:.;  Kv.:s  :\".1:t  c:^  ciher  as  rapidly  as  13f  m  a 

v) ; .   .  V     .    I  . I  .  •  ■  ■  r    .   *.   •.^*-''  .  -9':'  T'".j>.'^*  \Li  iTfc-r  limii  ^  varrinf  from  15 fc' 

w\   .         ^  .       .'  M  "....•      M..  -v.      **        |>        •>  "l|i    ^~  *  ^^?       ■  *     C    ''W  •     M.1 
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second  ihey  cease  to  be  recognized,  that  is  to  say,  the  sensations 

4irhich  they  cause  become  fused.    Just  before  they  disappear  they 

giv(i  ar')>eculiar  disagreeable  roughness  to  the  sound.     The  pleasure 

e'yen  by  musical  sounds  depends  largely  on  the  absence  of  this  in- 
iidbI^  fusion  of  sensations. 
Corresponding  to  entoptic  phenomena  there  are  various  entotic 
phenomena,  sensations  or  modifications  of  sensations  originating  in 
the  tympanum  or  in  the  labyrinth;  moreover  sensations  of  sound  may 
rise  in  the  auditory  nerve  or  in  the  brain  itself,  without  any  vibration 
whatever  falling  on  the  labyrinth. 

Auditory  Judgments. 

In  seeking  for  the  cause  of  our  visual  sensations  we  invariably 
refer  to  the  external  world.  The  sensation  caused  by  a  direct  stimu- 
lation of  the  optic  nerve  or  retina  by  a  blow  or  a  galvanic  current, 
we  identify  with  that  caused  by  a  flasn  of  light.  A  sensation  arising 
from  any  stimulation  of  the  left  side  of  our  retina  we  regard  as 
caused  by  some  object  on  the  right-hand  side  of  our  external  visible 
world.  In  a  similar  way,  but  to  a  less  extent,  we  project  our  auditory 
sensations  into  the  world  outside  us,  and  when  the  auditory  nerve  is 
affected  we  seek  the  cause  in  vibrations  starting  at  a  greater  or  less 
distance  from  us.  We  do  not  think  of  the  sound  as  originating  in  the 
ear  itself. 

This  mental  projection  of  the  sound  is  much  more  complete  when 
the  ear  is  stimulated  by  vibrations  reaching  it  through  the  membrana 
^pnpani  than  when  the  vibrations  are  conducted  by  the  solids  of  the 
head  directly  to  the  perilymph  of  the  labyrinth.  When  the  meatus 
extemus  is  filled  with  fluid  and  the  vibrations  of  the  membrana 
fcympani  are  in  consequence  interfered  with,  the  apparent  outwardness 
of  sounds  is  to  a  very  large  extent  lost;  sounds,  however  caused,  seem 
under  these  circumstances  to  arise  in  the  ear.  Hence  it  would 
seem  that  our  judgment  of  the  objectiveness  of  sounds  is  largely 
dependent  on  coincident  sensations  derived  in  some  way  or  other 
from  the  tympanum. 

When  sounds  impinge  on  the  solids  of  the  head,  as  when  a  watch  is 
lield  between  the  teeth,  the  membrana  tympani  is  still  fuDctional.  Yibra- 
tions  are  conveyed  from  the  temporal  bone  to  it  and  hence  pass  in  the 
luraal  way,  in  addition  to  those  transmitted  directly  from  the  bone,  to  the 
perilymph. 


Our  judgment  of  the  distance  of  sounds  is  very  limited.  A  sound 
whose  characters  we  know  appears  to  us  near  when  it  is  loud,  and  far 
off  when  it  is  faint.    A  blindfold  person  will  be  unable  to  distin- 

Sish  between  the  difference  of  intensity  produced  by  a  tuning- 
'k  being  held  before  him,  first  with  the  broad  edge  of  the  fork 
towards  him  and  then  with  the  narrow  edge,  and  the  difference 
caused  by  the  removal  of  the  tuning-fork  to  a  distance.     We  can  on 
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the  whole  better  appreciate  the  distance  of  noises  than  of  musical 
sounds. 

Our  judgment  of  the  direction  of  sounds  is  also  veiy  limited. 
Our  chief  aid  in  this  is  the  position  in  which  we  have  to  place  the 
head  in  order  that  we  may  hear  the  sound  to  the  best  advantage^  K 
a  tuning-fork  be  held  in  the  median  vertical  plane  over  the  head, 
though  it  is  easy  to  recognize  it  as  being  in  the  median  plane,  it 
becomes  very  difficult  when  the  eyes  are  shut  to  say  what  is  its  posi- 
tion in  that  plane,  i.e.  whether  it  is  more  towards  the  front  or 
back  of  the  head.  In  this  respect,  too,  our  appreciation  is  more  ac- 
curate in  the  case  of  noises  than  of  musical  sounds^  with  the  exception 
of  those  given  out  by  the  human  voice,  the  direction  of  which  can  be 
judged  better  than  even  that  of  a  noise. 

Sec.  2.    Smell. 

Odoriferous  particles  present  in  the  inspired  air  passing  through 
the  lower  nasal  chambers  diffuse  into  the  upper  nasal  chambers,  and 
falling  on  the  olfactory  epithelium  produce  sensory  impulses  which, 
ascending  to  the  brain,  give  rise  to  sensations  of  spielL  We  may 
presume  that  the  sensory  impulses  are  originated  by  the  contact  of 
the  odoriferous  particles  with  the  peculiar  rod-shaped  olfactory  cells 
described  by  Max  Schultze ;  but  we  are  as  much  in  the  dark  about 
this  matter  as  about  the  development  of  visual  sensory  impulses  in 
the  rods  and  cones  or  auditory  sensory  impulses  in  the  organ  of  Corti. 

The  subsidiary  apparatus  of  smell  is  exceedingly  meagre.  By  the 
forced  nasal  inspiration,  called  sniffing,  we  draw  air  so  forcibly  through 
the  nostrils  that  currents  pass  up  into  the  upper  as  well  as  the  lower 
nasal  chambers ;  and  thus  a  more  complete  contact  of  the  odoriferous 
particles  with  the  olfactory  membrane  than  that  supplied  by  mere 
diffusion  is  provided  for. 

We  have  every  reason  to  think  that  any  stimulus  applied  to  the 
olfactory  nerve  will  produce  a  sensation  of  smell ;  but  the  proof 
of  this  is  not  so  clear  as  in  the  case  of  the  optic  and  auditory  nerves. 
We  are,  however,  subject  to  sensations  of  smell  not  caused  by  ob- 
jective odours.  The  olfactory  membrane  is  the  only  part  of  the  body 
in  which  odours  as  such  can  give  rise  to  any  sensations;  and  the 
sensations  to  which  they  give  rise  are  always  those  of  smell.  The 
mucous  membrane  of  the  nose  is  however  also  an  instrument  for  the 
development  of  aflferent  impulses  other  than  the  specific  olfactory 
ones.  Chemical  stimulation  of  the  nasal  membrane  by  pungent  sub- 
stances such  as  ammonia  gives  rise  to  a  sensation  distinct  from  that  of 
smell,  a  sensation  which  affi)rds  us  no  information  concerning  the 
chemical  nature  of  the  stimulus,  and  which  is  indistinguishable  from 
the  sensations  produced  by  chemical  stimulation  of  other  surfaces 
equally  sensitive  to  chemical  action.  It  is  probable,  but  not  certain, 
that  these  two  kinds  of  sensations  are  conveyed  by  different  nerres, 
the  former  by  the  olfactory,  the  latter  by  the  fifth  nerve. 
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For  the  development  of  smell  it  appears  necessary  that  the  odori- 
ferous particles  should  be.  conveyed  to  the  nasal  membrane  in  a 
gaseous  medium,  or  at  least  that  the  surface  of  the  membrane  should 
be  exposed  to  air.  When  the  nostril  is  filled  with  rose-water,  the 
odour  of  roses  is  not  perceived ;  and  simply  filling  the  nostrils  with* 
distilled  water  suspends  for  a  time  all  smell,  the  sense  returning 
gradually  after  the  water  has  been  removed. 

Each  odour  that  we  smell  causes  a  specific  sensation,  and  we  are 
not  only  able  to  recognize  a  multitude  of  distinct  odours,  but  also  to 
distinguish  individual  odoui's  in  a  mixed  smelL 

As  in  the  previous  senses,  we  project  our  sensation  into  the 
external  world;  the  smell  appears  to  be  not  in  our  nose,  but  some- 
where outside  us.  We  can  judge  of  the  position  of  the  odour  however 
even  less  definitely  than  we  can  of  that  of  a  sound. 

The  sensation  takes  some  time  to  develope  after  the  contact  of  the 
stimulus  with  the  olfactory  membrane,  and  lasts  very  long.  When 
the  stimulus  is  repeated  the  sensation  very  soon  dies  out;  the  sensory 
terminal  organs  speedily  become  exhausted.  Mental  associations 
cluster  more  strongly  round  sensations  of  smell  than  round  any  other 
impressions  we  receive  from  without.  And  reflex  effects  are  very 
frequent,  many  people  fainting  in  consequence  of  the  contact  of  a  few 
odoriferous  particles  with  their  olfactory  cells. 

Apparently  the  larger  the  surface  the  more  intense  the  sensation; 
animals  with  acute  scent  having  a  proportionately  large  area  of  olfac- 
tory membrane.  The  quantity  of  material  required  to  produce  an 
olfactory  sensation  may  be,  as  in  the  case  of  musk,  almost  immeasur- 
ably small. 

When  two  different  odours  are  presented  to  the  two  nostrils,  an 
oscillation  of  sensation  similar  to  that  spoken  of  in  binocular  vision 
(p.  448)  takes  place. 

The  assertion  that  the  olfactory  nerve  is  the  nerve  of  smell  has  been 
disputed.  Majendie  asserted  that  animals  could  still  smell  after  the  removal 
of  the  olfactory  lobes;  but  the  stimulus  which  he  applied  was  ammonia,  in 
no  way  a  test  of  smell.  BifH,  operating  on  blind  puppies,  came  to  the  con- 
elusion  that  true  smell  disappeared  after  destruction  of  the  olfactory  lobes. 
Bernard*  records  a  case  of  a  woman  who  had  been  a  cook,  and  who  ap- 
peared to  have  possessed  the  sense  of  smell,  and  yet  in  whom  the  olfactory 
lobes  were  absent.  On  the  other  hand,  it  is  stated  that  section  or  injury 
of  the  fifth  nerve  causes  a  loss  of  smell  though  the  olfactory  nerve  remains 
intact ;  but  in  these  cases  it  has  not  been  shewn  that  the  olfactory  mem- 
Inane  remains  intact,  and  it  is  quite  possible  that,  as  in  the  case  of  the  eye, 
changes  may  take  place  in  the  nasal  membrane  as  the  result  of  the  injury  to 
the  fifUi  nerve,  sufficient  to  prevent  its  performing  its  usual  functions. 

*  SytU  Nerv,  ii.  228. 


460  TASTE.  [Book  ul 


Sec.  3.    Taste. 

The  word  taste  is  frequently  used  when  the  word  smell  ought  to 
be  employed.  We  speak  of  'tasting'  odoriferous  substances,  such  as 
an  onion,  wines,  &c.,  when  in  reality  we  only  smell  them  as  we  hold 
them  in  our  mouth;  this  is  proved  by  the  fact  that  the  so-called  taste 
of  these  things  is  lost  when  the  nose  is  held,  or  the  nasal  membrane 
rendered  inert  by  a  catarrh. 

The  terminal  organs  of  the  sense  of  taste  thus  more  strictly  de- 
fined, are  the  endings  of  the  glossopharyngeal  and  lingual  ner?es  in 
the  mucous  membrane  of  the  tongue  and  palate,  those  nerves  serving 
as  the  special  nerves  of  taste.  The  subsidiary  apparatus  is  confined 
to  the  tongue  and  lips,  which  by  their  movements  assist  in  brinpng 
the  sapid  substances  into  contact  with  the  mucous  membrane  of  the 
mouth. 

The  so-called  gustatory  buds  cannot  be  regarded  as  specific  organs  of 
taste,  since  they  occiu:  in  places  {e.g.  epiglottis)  wholly  devoid  of  taste. 

Though  we  can  hardly  be  said  to  project  our  sensation  of  taste 
into  the  external  world,  we  assign  to  it  no  subjective  localisation. 
When  we  place  quinine  in  our  mouth,  the  resulting  sensation  of  taste 
gives  us  no  information  as  to  where  the  quinine  is,  though  we  may 
learn  that  by  concomitant  general  sensations  arising  in  the  buccal 
mucous  membrane. 

We  recognize  a  multitude  of  distinct  tastes,  which  maybe  broadly 
classified  into  acid,  saline,  bitter  and  sweet  tastes.  Sapid  substances 
have  the  power  of  producing  these  sensations  by  virtue  of  their 
chemical  nature.  But  other  stimuli  will  also  give  rise  to  sensations 
of  taste.  When  the  tongue  is  tapped,  a  taste  is  felt ;  and  when  a 
constant  current  is  passed  through  the  mouth,  an  alkaline  taste  is 
developed  when  the  anode,  and  an  acid  taste  when  the  kathode,  is 
placed  on  the  tongue.  It  is  probable  that  in  these  cases  the  terminal 
organs  arc  aflfected.  When  hot  or  pungent  substances  are  introduced 
into  the  mouth,  sensations  of  general  feeling  are  excited,  which 
obscure  any  strictly  gustatory  sensations  which  may  be  present  at  the 
same  time. 

Though  analogy  would  lead  us  to  suppose  that  a  stimulus  applied 
to  any  part  of  the  course  of  the  real  gustatory  fibres  of  either  the 
glossopharyngeal  or  lingual  nerves,  would  give  rise  to  a  sensation  of 
taste  and  nothing  else,  the  proof  is  not  forthcoming ;  since  both  these 
nerves  are  mixed  nerves  containing  other  afferent  fibres  as  well  as 
those  of  taste. 

When  the  constant  current  is  used  as  a  means  of  exciting  taste, 
gustatory  sensations  are  found  to  be  developed  in  the  back,  edges  and 
tip  of  the  tongue,  the  soft  palate  with  the  anterior  pillar  of  the  fauces 
and  a  small  tract  of  the  posterior  part  of  the  hard  palate.  They  are 
absent  from  the  anterior  and  middle  dorsum,  and  under  surface  of  the 
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tongue,  the  front  portion  of  the  hard  palate,  the  posterior  pillars  of 
the  fauces,  the  gums  and  the  lips.  Sapid  substances  are  unsuitable 
as  a  test  for  this  purpose,  on  account  of  their  rapid  diffusion.  Bitter 
substances  produce  most  effect  when  placed  on  the  back  of,  and  sweet 
substances  when  placed  on  the  tip  of  the  tongue.  It  is  said  that 
adds  are  best  appreciated  by  the  edge  of  the  tongue. 

It  is  essential  for  the  development  of  taste,  that  the  substance  to 
be  tasted  should  be  dissolved ;  and  the  effect  is  increased  by  friction. 
The  larger  the  surface  the  more  intense  the  sensation.  The  sensation 
takes  some  time  to  develope,  and  endures  for  a  long  time,  though  this 
may  be  in  fact  due  to  the  stimulus  remaining  in  contact  with  the 
terminal  organs.  A  temperature  of  about  40^  is  the  one  most  favour- 
able for  the  production  of  the  sensation.  At  temperatures  much 
above  or  below  this,  taste  is  much  impaired.  The  nerves  of  taste  are, 
as  we  have  said,  the  glossopharyngeal  and  the  lingual  or  gustatory. 
The  former  supplies  the  back  of  the  tongue,  and  section  of  it  destroys 
taste  in  that  re^on.  The  latter  is  distributed  to  the  front  of  the 
tongue,  and  section  of  it  similarly  deprives  the  tip  of  the  tongue  of 
taste.  There  is  no  reason  for  doubting  that  the  gustatory  fibres  in 
the  glossopharyngeal  are  proper  fibres  of  that  nerve  ;  but  it  has  been 
urged  by  many,  that  the  gustatory  fibres  of  the  lingual  are  derived 
from  the  chorda  tympani,  and  that  those  fibres  of  the  lingual  which 
come  from  the  fifth  are  employed  exclusively  in  the  sensations  of 
touch  and  feeling. 

The  arguments  in  favour  of  this  latter  view  are  as  follow.  Cases 
have  been  observed  in  which  the  fifth  nerve  has  been  destroyed  in  the 
eranium,  and  yet  taste  in  the  front  of  the  tongae  has  not  been  lost. 
Cases  have  been  observed  where  the  chorda  tympani  has  been  diseased, 
or  injured  in  the  tympanum,  and  where  taste  has  been  impaired.  It  is 
asserted  that  when  the  lingual  is  divided  above  the  junction  of  the  chorda, 
taste  in  the  front  of  the  tongue  is  not  lost,  while  it  disappears  after  section 
of  the  united  lingual  and  chorda.  It  is  also  stated  that  the  glossopharyngeal 
having  been  divided,  and  taste  in  consequence  confined  to  the  front  part 
of  the  tongue,  subsequent  section  of  the  chorda  within  the  tympanum 
has  removed  taste  altogether.  On  the  other  hand,  cases  have  been  ob- 
served where  the  fifth  was  alone  diseased  and  yet  taste  was  lost  (in  the 
front  of  the  tongue);  and  it  is  moreover  urged  that  while  stimulation  of 
the  central  end  of  a  divided  chorda  gives  rise  to  no  sensation  of  taste, 
stimulation  of  an  undivided  chorda  might  give  rise  to  such  sensations 
by  simply  promoting  a  flow  of  saliva,  and  Uiat  division  of  the  chorda 
might  affect  taste  by  interfering  with  the  normal  flow  of  saliva.  And 
even  if  the  chorda  contained  gustatory  fibres  these  might  have  their 
ultimate  origin  in  the  fifth,  coming  from  that  nerve  to  the  facial  by  the 
spheno-palatine  ganglion  and  superficial  petrosal  nerve. 


CHAPTER  IV. 


FEELrXG  AND  TOUCH. 


Sec,  1.    General  Sexsibiutt  and  Tactile  Pcbceftioxs. 

We  have  taken  the  foregoing  senses  fiist  in  the  order  of  discossian 
on  account  of  their  being  eminently  specific.  The  eye  gives  us  only 
vi$u:)l  <on>aiions.  the  ear  onlv  auditorv  sensatioiUL  The  sensatioos 
aie  vrxiuvvd  in  each  case  by  specific  stimuli ;  the  eye  is  only  affected 
by  li/iit  anvi  the  ear  by  sound.  Moreover,  the  infurmatioo  they 
aiFoTvl  us  is  confined  to  the  external  world;  they  tell  us  nothing  aboot 
oun^^Ivo^  The  various  visual  sensations  which  arise  in  oar  retina 
an^  Tvferred  by  us  not  to  the  retina  itself,  but  to  some  real  <ff 
ini.'iginary  objoct  in  the  world  without  (iDclodii^  as  part  of  the 
external  w.^rlJ  suA  pinions  of  our  own  bodies  as  aie  visible  to  oor- 
^^Ivc^ «  Su.^h  also  wi:h  diminishing  precision  is  the  informati<Hi 
g^u^xi  by  r.vivri-^g.  ri^<:e  and  smelL 

All  :he  o:her  aSi-i^fn;  nerves  oi  the  body,  centripetal  impulses 
aloUiT  which  an*  able  to  affrc:  o:ir  consciouaiess,  are  the  means  of 
xvnvx  yIv.^  :o  u>  :r.:VTi:ii::'>-  o.'*ncem:ag  o'^rselves^  The  sensations, 
ar:>::'.j:  :r.  :*,,-:::i  :r;:i:  :i^  ac:i.'':i  of  varl>:is  stimuli,  are  referred  by  us 
:o  AX^vr,'vr:A:c  v^ijns  cf  ocr  o-rn  bi>iv.  Wrien  anr  bodv  comes  in 
vvu:ac:  ^::h  ^  v.r  iu^r.  ^c  k-:w  :Li:  i:  is  our  finder  which  has  been 
:.^,u'h->.i :  tr;r,i  :h^  r::>ul:Ar:i  ser;5ad:2i  we  itx  onlv  learn  the  existence 

m 

o:   xvv:.v"   .::;., .::c>  :-  :Iie  .b'-e*:  ^crich-ed.   to:  we  also  are  led  to 
vvv.-..,v:  :  .0  v-^^^'u.-iluia:  ci  "i.tse  c'liliriej  with  a  pirticolar  part  of 

l..\^^  :'.c  :r.;r;r  <r«.>:i-l:  >::zi>tiS  rirfTn:c5lv>:ii«,  ihe  sen^tions  of 
Yi^.^'A  M^.^  Ar:  v.;*  >.x  /x.v^.  a:::.:  wli.-i  ziij  re  rrferrei  to  under  the 
v,^!'i.'  .:'  :,  i,\  v.>..v,:  \\.\z  v.r:  ::r  :L-r  rrrs^rn*  in  a  wide  meaning. 
TA.  .■*..** .V. ' — ^.  .^.  -  .^>-_ — j^  . •. ^A^> .  a^-^  siCe  cmei  Dui  noi 

^  ■» 

A'.x.l  .v::;^, .',  u*A,l:r.v:'^  v.,r:  .:>  >::r;:vir£t5w     F.-wr  .rie  developmea:  of 

3i\\v  >..'  %*,:*'.,•  >;,^v.>i^:..:.  -i  '/i;-^*  •■'—- fJ  rrr^z^  ar*  is  essential  as  are 

vV.v.>w,  s-;"  r".,*  >i\".',  ^.:":.  x  :.ur,i  :c  viiii  a  b:'*:  brcy  drives  rise  t*^ 
>'.'>.  'V'  ».".>ci.::vx\<.  '*-';r'.:/  V;  rfvViTiis*  tia:  w^  Live  toccht^l  a 
^^,•^^  ot  A  vc  \vS\     ^^^  :i':   Ar»vL-rj*::':c:  :c  cii-rr  V'viy  or  of  any 
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feeling  only,  corresponding  to  the  simple  sensation  of  light  which  is 
produced  by  direct  stimulation  of  the  optic  nerva  We  have  no  more 
Uictile  perception  of  a  body  which  is  in  contact  with  a  nerve-trunk 
than  we  could  have  visual  perception  of  any  luminous  object,  the  rays 
proceeding  from  which  were  strong  enough  to  excite  sensory  im- 
pulses when  directed  on  to  the  optic  nerve  mstead  of  on  to  the  retina, 
supposing  such  a  thing  to  be  possible.  It  is  further  characteristic  of 
these  ordinary  nerves  of  general  feeling,  that  the  sensations  caused 
by  any  stimulation  of  them  beyond  a  certain  degree  develope  that 
state  of  consciousness  which  we  are  in  the  habit  of  speaking  of  as 
'pain.'  Putting  aside  the  general  feeling  which  many  parts  of 
the  eye  possess,  a  very  strong  luminous  stimulation  of  the  retina  is 
required  to  produce  a  sensation  of  pain,  if  indeed  it  can  be  at  all 
brought  about,  whereas  a  very  moderate  stimulation  of  the  skin,  and 
almost  every  stimulation  of  an  ordinary  nerve-trunk,  is  said  by  us 
to  be  painful. 

The  stimuli  which,  when  applied  to  the  skin,  give  rise  to  tactile 
perceptions  are  of  two  kinds  only :  (1)  mechanical,  that  is,  the  contact 
of  boaies  with  varying  degrees  of  pressure;  and  (2)  thermal,  i.e.  the 
raising  or  lowering  of  the  temperature  of  the  skin  by  the  approach  or 
contact  of  hot  or  cold  bodies.  We  can  judge  of  the  weight  and  of 
the  temperature  of  a  body,  because  we  can,  through  touch,  perceive 
how  much  it  presses  when  allowed  to  rest  on  our  skin  or  how 
hot  it  is.  But  we  can  through  touch  derive  no  other  perceptions  and 
form  no  other  judgments.  An  electric  shock  sent  through  the  skin 
will  give  rise  to  a  sensation,  but  the  sensation  is  an  indefinite  one, 
because  the  electric  current  acts  not  on  the  terminal  organs  of  touch, 
bat  on  the  fine  nerve-branches  of  the  skin.  We  cannot  distinguish 
the  sensation  so  caused  from  a  mechanical  prick  of  similar  intensity,  we 
cannot  perceive  that  the  sensation  is  caused  by  an  electric  current. 
Similarly  certain  chemical  substances  such  as  a  strong  acid  will  give 
rise  to  a  sensation,  but  we  cannot  perceive  the  acid,  we  can  form  no 
jndement  of  its  nature  such  as  we  could  if  we  tasted  it ;  and  if  the 
acid  does  not  permeate  the  skin  so  as  to  act  directly  and  chemically 
on  the  fine  nerve-fibres,  we  cannot  distinguish  the  acid  from  any 
other  liquid  giving  rise  to  the  same  simple  contact  impressions.  The 
terminal  organs  of  the  skin  are  such  as  are  only  afiected  by  pressure 
or  by  temperature.  Conversely  pressure  or  variations  in  temperature 
brought  to  bear  on  a  nerve-trunk,  instead  of  on  the  terminal  organs, 
produce  no  specific  tactile  sensations  of  pressure  or  temperature,  but 
merely  general  sensations  of  feeling  rapidly  rising  into  pain. 

Sec.  2.    Tactile  Sensations. 

Sensations  of  Pressure. 

As  with  visual,  so  with  tactile  and  indeed  with  all  other  sen- 
tttions,  the  intensity  of  the  sensation  maintains  that  general  t^\%Xvyc^ 
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to  the  intensity  of  the  stimulus  which  we  spoke  of  at  p.  418  as  being 
fonnulated  under  Fechner^s  law.  We  can  distiogoidi  the  diffeience 
of  pressure  between  one  and  two  grammes  as  readily  as  we  can  that 
between  ten  and  twenty  or  one  hundred  and  two  hondred. 

When  two  sensations  follow  each  other  in  the  same  spot  at  a 
sufficiently  short  interval  they  are  fused  into  one ;  thus,  if  the  finger 
be  brought  to  bear  lightly  on  a  rotating  card  havine  a  series  of  holes 
in  it,  the  holes  cease  to  be  felt  as  such  when  they  fcAow  each  other  at 
a  rapidity  of  about  1500  in  a  second.  The  Tifarations  of  a  cord  cease 
to  be  appreciable  when  they  reach  the  same  rapidity.  When  sensa- 
tions are  generated  at  points  of  the  skin  too  close  together  they 
become  fused  into  one ;  but  to  this  point  we  shall  return  presently. 

The  sensation  caused  by  pressure  is  at  its  maximum  soon  after  its 
beginning,  and  thenceforward  diminishes.  The  more  suddenly  the 
pressure  is  increased,  the  greater  the  sensation;  and  an  increase 
of  pressure,  if  it  be  sufficiently  gradual,  will. not  give  rise  to  any 
sensation.  A  sensation  in  any  spot  is  increased  by  contrast  with 
surrounding  areas  not  subject  to  pressure.  Thus  if  the  fiuger  be 
dipped  into  mercury  the  pressure  will  be  felt  most  at  the  suiface  of 
the  fluid ;  and  if  the  finger  be  drawn  up  and  down,  the  sensation 
caused  will  be  that  of  a  ring  moving  along  the  finger. 

All  parts  of  the  skin  are  not  equally  senmtive  to  pressure ;  small 
differences  of  simple  pressure  are  more  readOy  appreciated  when 
brought  to  bear  on  the  palmar  surface  of  the  finger,  or  on  the  fore- 
head, than  on  the  arm  or  on  the  sole  of  the  foot.  In  tnAVing  these 
determinations  all  muscular  movement  should  be  avoided  in  order  to 
eliminate  the  muscular  sense  of  which  we  shall  speak  presently ;  and 
the  area  stimulated  should  be  as  small  and  the  surfaces  in  contact  as 
uniform  as  possible.  In  a  similar  manner  small  consecutive  varia- 
tions of  pressure,  as  in  counting  a  pulse,  are  more  readily  appreciated 
by  certain  parts  of  the  skin  than  by  others ;  and  the  minimum  of 
pressure  which  can  be  felt  differs  in  different  parts.  In  all  cases 
variations  of  pressure  are  more  easily  distinguished  when  they  are 
successive  than  when  they  are  simultaneous. 

Sensations  of  Temperature. 

WTieu  the  temperature  of  the  skin  is  raised  or  lowered  in  anj 
spot  we  receive  sensations  of  heat  and  cold  respectively ;  and  by  these 
jiousiitions  of  the  temperature  of  our  own  skin  we  form  judgments  of 
the  temperature  of  bodies  in  contact  with  it.  Bodies  of  exactly  the 
same  temperature  as  our  skin  produce  no  such  thermal  sensations, 
though  >ve  can,  from  the  very  absence  of  sensations,  form  a  judgment 
as  to  their  temperature ;  and  good  conductors  of  heat  appear  respec- 
tive! v  hotter  and  colder  than  bad  conductors  raised  to  the  same 
tompeniture. 

Wo  may  consider  the  skin  as  having  at  any  given  time  and  in  anj 
given  spot  a  xiormHl  teoiperature  at  which  the  sensation  of  tempentoie  is 
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at  zero ;  for  under  ordinary  circumstances  we  are  not  directly  conscious  of 
the  temperature  of  our  skin ;  it  is  only  when  the  normal  temperature  at 
the  spot  is  raised  or  lowered  that  we  have  a  sensation  of  heat  or  cold 
respectively.  This  normal  temperature  may  be  at  the  same  time  different 
in  different  parts  of  the  body ;  thus  at  a  time  when  neither  the  forehead 
nor  the  hand  are  giving  rise  to  any  sensation  of  temperature,  we  may,  by 

Ktting  the  hand  to  the  forehead,  frequently  feel  the  former  hot  or  cold 
muse  the  normal  temperatures  of  the  two  parts  differ.  The  normal 
temperature  in  any  spot  may  also  vary  from  time  to  time.  Thus  when 
the  band  is  placed  in  a  warm  medium  for  some  time,  the  sensation  of 
waimth  ceases;  a  new  noimal  temperature  \a  established  with  the  zero 
of  sensation  at  a  higher  level,  a  depression  or  elevation  of  this  new  tem- 
perature giving  rise  however  as  before  to  sensations  of  heat  and  cold 
respectively.  That  it  is  the  changed  condition,  and  not  the  change  itself, 
of  which  we  are  conscious  is  shewn  by  the  fact  that  when  a  portion  of  skin 
Is  oooledy  by  brief  contact  with  a  cold  metal  for  instance,  we  are  still  con- 
scious of  the  spot  being  cold  after  the  cooling  agent  has  been  removed  and  the 
eooled  spot  is  in  reality  being  heated  by  the  surrounding  warmer  tissues  ^ 

The  chaQge  in  temperature  of  the  skin  necessary  to  produce  a 
sensation  must  have  a  certain  rapidity ;  and  the  more  gradual  the 
change  the  less  intense  the  sensation.  The  repeated  dipping  of  the 
hand  into  hot  water  produces  a  greater  sensation  thai;!  when  the  hand 
is  allowed  to  remain  all  the  time  in  the  water,  though  in  the  latter 
case  the  temperature  of  the  skin  is  most  affected.  The  same  effect 
of  contrast  is  seen  in  these  sensations  as  in  those  of  pressure. 

We  can  with  some  accuracy  distinguish  variations  of  temperature, 
especially  those  lying  near  the  normal  temperature  of  the  skin.  These 
sensations,  in  fact,  follow  Fechner's  law,  though  apparently  sensations 
of  slight  cold  are  more  vivid  than  those  of  slight  heat,  so  that  the 
ran|^  of  most  accurate  sensation  lies  between  27^  and  33^  The 
regions  of  the  skin  most  sensitive  to  variations  in  temperature  are 
not  identical  with  those  most  sensitive  to  variations  in  pressure.  Thus 
the  cheeks,  eyelids,  temples  and  lips,  are  more  sensitive  than  the 
hands.  The  least  sensitive  parts  are  the  legs,  and  front  and  back  of 
the  trunk. 

The  amplest  view  which  can  be  taken  with  regard  to  the  distinction 
between  pressure  and  temperature  sensations  is  to  suppose  that  two 
distinct  kmds  of  terminal  organs  exist  in  the  skin,  one  of  which  is  af- 
leoted  only  by  pressure,  and  the  other  only  by  variations  in  temperature ; 
and  that  the  two  kinds  of  peripheral  organs  are  connected  with  different 
parts  of  the  central  sensory  organs  by  separate  nerve-fibres.  Certain 
pathological  cases  have  been  quoted'  as  shewing  not  only  that  this  is 
the  case,  but  that  the  two  sets  of  fibres  pursue  different  courses  in  the 
qnnal  cord.  Thus  in  certain  diseases  or  injuries  to  the  brain  or  spinal 
cord,  hyperastheeia  as  regards  temperature  has  been  observed  unaccom- 
panied by  an  augmentation  of  sensitiveness  to  pressure ;   and  conversely 

>  Bering,  TFIai.  Sitiungtberieht,  lxxv.  (1877). 

•  Brom-Seqiuurd,  Jowm.  d.  Phy.  1868,  YoLyiii.     Arehivti  de  Pftyi.  lQ6B,'^c\.\, 

r.  p.  ^Q 
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instances  have  been  seen  where  the  patient  could  tell  when  he  wu  tonciied, 
but  could  not  distinguish  between  hot  and  cold.  Agauut  this  ti«w  it 
might  be  urged  that  these  pathological  cases  have  not  reoeived  the  critical 
examination  which  they  demand;  and  thaif  there  are  fiuHa  which  shew 
a  close  dependence  between  the  sensations  of  pressure  and  tempentura. 
When  each  stimulus  is  brought  to  bear  on  a  Tery  limited  area^  the  two 
sensations  are  frequently  coi^ounded,  and  Weber  has  pointed  out  tint 
cold  bodies  feel  heavier  than  hot  bodies  of  the  same  weights  No  cue  his 
yet  been  recorded  where  a  hot  body,  a  cold  body,  and  a  body  <^  tk 
temperature  of  the  skin,  all  felt  exactly  alike,  when  each  was  applied  irith 
the  same  pressure ;  and  the  cases  where  a  hot  sponge  or  vgotm  was  ^t 
(because  it  was  hot),  and  yet  the  sensation  was  ooi^onnded  with  ane  of 
pressure,  indicate  that  the  same  terminal  organs  are  a£Eected  by  botk 
stimulL 

With  regard  to  Ihe  nature  of  the  terminal  organs  in  the  skin,  it 
may  be  stated  that  the  corpuscula  tactus  were  r^arded  by  their 
discoverers  as  specific  orgauR  of  touch.  The  end-bulbs  of  Eranse 
have  also  been  regarded  in  the  same  light.  But  the  evidence  we 
possess  concerning  this  matter  is  at  present  inconclusive* 


Sec.  3.    Tactile  Perceptions  and  Judgments. 

When  a  body  presses  on  any  spot  of  our  skin,  or  when  the  tem- 
perature of  the  skin  at  that  spot  is  raised,  we  are  not  only  consdous 
of  pressure  or  of  heat,  but  perceive  that  a  particular  part  of  our  body 
has  been  touched  or  heated.  We  refer  the  sensations  to  their  place 
of  origin,  and  we  thus  by  touch  perceive  the  relations  to  ourselves  of 
the  body  which  gives  rise  to  the  tactile  sensations,  in  the  same 
way  as  in  our  visual  perception  of  external  objects  we  refer  to  external 
nature  the  sensations  originating  in  certain  parts  of  the  retina 
When  we  are  touched  on  the  finger  and  on  the  back  we  refer  the 
sensations  to  the  finger  and  to  the  back  respectively,  and  when  we 
are  touched  at  two  places  on  the  same  finger  at  the  same  time  we 
refer  the  sensations  to  two  points  of  the  finger.  In  this  way  we  can 
localize  our  sensations,  and  are  thus  assisted  in  perceiving  Uie  space 
relations  of  objects  with  which  we  come  in  contact 

This  power  of  localizing  pressure-sensations  varies  in  different 
parts  of  the  bodjr.  The  following  table  from  Weber  gives  the  distance 
at  which  two  points  of  a  pair  of  compasses  must  be  held  apart,  so  that 
when  the  two  points  are  m  contact  with  the  skin,  the  two  consequent 
sensations  can  be  localized  with  sufficient  accuracy  to  be  referred 
to  two  points  of  the  body,  and  not  confounded  together  as  one. 


Tip  of  tongue  

Palm  of  last  phalanx  of  finger 
Palm  of  second     „                „ 
Tip  of  nose 
White  part  of  lips        


1*1  mm. 

2-2  n 

4*  n 

6-6  ., 

8-8  , 
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Back  of  second  phalanx  of  finger 

Skin  over  malar  bone 

Back  of  hand  

Forearm 
Sternum 
Back 


•  •  • 


•••         •••         ••• 


1110 

mm* 

16-4 

» 

29-8 

n 

39-6 

>» 

44-0 

n 

660 

n 

And  a  very  similar  distribution  has  been  observed  in  reference  to 
the  localisation  of  sensations  of  temperature.  As  a  general  rule  it 
may  be  said  that  the  more  mobile  parts  are  those  by  which  we  can 
thus  discriminate  sensations  most  readily.  The  lighter  the  pressure 
used  to  give  rise  to  the  sensations,  the  more  easily  are  two  sen- 
sations distinguished ;  thus  two  points  which,  when  touching  lightly, 
appear  as  two,  may,  when  firmly  pressed,  give  rise  to  one  sensation 
only.  The  distinction  between  the  sensations  is  obscured  by  neigh- 
bouring sensations  arising  at  the  same  time.  Thus  two  points 
brought  to  bear  within  a  ring  of  heavv  metal  pressing  on  the  skin, 
are  readily  confused  into  one.  And  it  need  hardly  be  said  that 
these  tactile  perceptions,  like  all  other  perceptions,  are  immensely 
increased  by  being  exercised. 

Our  '  field  of  touch,'  if  we  may  be  allowed  the  expression,  is  composed 
of  tactile  areas  or  units,  in  the  same  way  that  our  field  of  vision  is  com- 
posed of  visual  areas  or  units.  The  tactile  sensation  is,  like  the  visual 
sensation,  a  symbol  to  us  of  some  external  event,  and  we  refer  the  sensation 
to  its  appropriate  place  in  the  field  of  touch.  All  that  has  been  said  (p.  420) 
oonoeming  the  subjeetive  nature  of  the  limits  of  visual  areas,  applies  equally 
well,  fnuUUx8  mtUandis,  to  tactile  areas.  When  two  points  of  the  compasses 
are  felt  as  two  distinct  saisations,  it  is  not  necessary  that  two  and  only  two 
nerve-fibres  should  be  stimulated;  all  that  is  necessary  is  that  the  two 
oerebral  sensation-areas  should  not  be  too  completely  fused  together.  The 
improvement  by  exercise  of  the  sense  of  touch  must  be  explained  not  by  an 
increased  development  of  the  terminal  organs,  not  by  a  growth  of  new 
nerve-fibres  in  the  skin,  but  by  a  more  exact  limitation  of  the  sensational 
areas  in  the  brain,  by  the  development  of  a  resistance  which  limits  the 
ndiation  taking  place  from  the  centres  of  the  several  areas. 

By  a  multitude  of  simultaneous  and  consecutive  tactile  sensations 
thus  converted  into  perceptions  we  are  able  to  make  ourselves  ac- 
onainted  with  the  form  of  external  objects.  We  can  tell  by  varia- 
tions of  pressure  whether  a  surface  is  rough  or  smooth,  plane  or 
curved,  what  variations  of  surface  a  body  presents,  and  how  far  it  is 
heavy  or  light ;  and  from  the  information  thus  gained  we  build  up 
judgments  as  to  the  form  and  nature  of  objects,  jud^ents  however 
which  are  most  intimately  bound  up  with  visual  jud^ents,  the 
knowledge  derived  by  one  sense  correcting  and  completing  that  ob- 
tained bv  the  other.  As  in  other  senses  so  in  this,  our  sensations 
may  mislead  us  and  cause  us  to  form  erroneous  judgments.  This  is 
weU  illustrated  by  the  so-called  experiment  of  Aristotle.  It  is  im- 
in  im  oroinary  position  of  the  fingers  to  bnik^  Wi^  t^asSl 
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side  of  the  middle  finger  and  the  nhiar  side  of  the  rioe  filler  to 
bear  at  the  same  time  on  a  small  object  such  as  a  marble.  Henoe 
when  with  the  eyes  shut  we  cross  one  finger  over  the  other,  and 
place  a  marble  between  them  so  that  it  touches  the  radial  side  oi 
the  one  and  the  ulnar  side  of  the  other,  we  recognize  that  the  object 
is  such  as  could  not  under  ordinary  conditions  be  touched  at  the 
same  time  by  these  two  portions  of  our  skin,  and  therefore  judge 
that  we  are  touching  not  one  but  two  marbles. 

Distinct  tactile  sensations  are,  as  we  have  seen,  produced  only 
when  a  stimulus  is  applied  to  a  terminal  oigan.  When  sensatioos 
or  affections  of  general  sensibility  other  than  the  distinct  tactile  sen- 
sations are  developed  in  the  termination  of  a  nerve,  we  are  aUe, 
though  with  less  exactitude,  to  refer  the  sensation  to  a  particular  part 
of  the  body.  Thus  when  we  are  pricked  or  bumt^  we  can  feel  wnere 
the  prick  or  bum  is.  When  a  sensory  nenre-trunk  is  stimulated,  the 
sensation  is  always  referred  to  the  peripheral  terminations  of  the 
nerve.  A  blow  on  the  ulnar  nerve  at  the  elbow  is  felt  as  a  tingling 
in  the  little  and  ring  fingers  corresponding  to  the  distribution  of  the 
nerve.  Sensations  started  in  the  stump  of  an  amputated  limb  are 
referred  to  the  absent  member. 

Stimulation  of  a  nerve-trunk  gives  rise  to  general  sensations  only; 
no  distinct  tactile  perceptions  can  thus  be  produced.  When  cold  is 
applied  to  the  elbow  it  is  felt  as  cold  in  the  skin  of  the  elbow ;  but  a 
cooling  of  the  ulnar  nerve  at  this  spot  simply  gives  rise  to  pain  whidi 
is  referred  to  the  ulnar  side  of  the  hand  and  arm. 


Sec.  4.    The  Muscular  Sense. 

When  we  come  into  contact  with  external  bodies  we  are  conscioiis 
not  only  of  the  pressure  exerted  by  the  object  on  our  skin,  but  also 
of  the  pressure  which  we  exert  on  the  object.    If  we  place  the  hand 
and  arm  fiat  on  a  table,  we  can  estimate  the  pressure  exerted  by 
bodies  resting  on  the  palm  of  the  hand,  and  so  come  to  a  conclusion 
as  to  their  weights;  in  this  case  we  are  conscious  only  of  the  pressure 
exerted  by  the  body  on  our  skin.     If  however  we  hold  the  body  in 
the  hand,  wo  not  only  feel  the  pressure  of  the  body,  but  we  are  abo 
aware  of  the  muscular  exertion  required  to  support   and  lift  the 
body.    We  are  conscious  of  a  muscular  sense ;  and  we  find  by  ex- 
perience that  when  we  trust  to  this  muscular  sense  as  well  as  to  the 
sensation  of  pressure,  we  can  form  much  more  accurate  judgments 
concerning  the  weight  of  bodies  than  when  we  rely  on  pressure  alone. 
When  we  want  to  tell  how  heavy  a  body  is,  we  are  not  in  the  habit 
of  allowing  it  simply  to  press  on  the  hand  laid  flat  on  a  table;  we 
hold  it  in  our  hand  and  lift  it  up  and  down«     We  appeal  to  our 
muscular  sense  to  inform  us  of  the  amount  of  exertion  necessary  to 
iiiovo  it,  and  by  help  of  that,  judge  of  its  weight.    And  in  aD  the 
movements  of  our  body  we  are  conscious^  even  to  an  astonishingly 
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accurate  degree,  as  is  well  seen  in  the  discussions  concerning  vision , 
of  the  amount  of  the  contraction  to  which  we  are  putting  our  muscles. 
In  some  way  or  other  we  are  made  aware  of  what  particular  muscles 
or  groups  of  muscles  are  being  thrown  into  action,  and  to  what  extent 
that  action  is  being  carried.  We  are  also  conscious  of  the  varying 
condition  of  our  muscles,  even  when  they  are  at  rest ;  the  tired  and 
especially  the  paralysed  limb  is  said  to  'feel'  heavy.  In  this  way 
the  state  of  our  muscles  largely  determines  our  general  feeling  of 
health  and  vigour,  of  weariness,  ill  health  and  feebleness. 

It  has  been  suggested  that  since  muscle  possesses  little  or  no  general 
sensibility,  comparatively  little  pain  being  felt  for  instance  when  muscles 
are  cut,  our  muscular  sense  is  chiefly  derived  from  the  traction  of  the 
contracting  muscle  on  its  attachments,  and  undoubtedly  in  cramp,  when  it 
can  be  localized,  the  pain  is  chiefly  felt  at  the  joints ;  and,  as  we  know. 
Pacinian  bodies  are  abundant  around  the  joints.  The  investigations  of 
Sachs,  however^  seem  to  shew  that  aflferent  nerves,  having  a  different  dispo- 
sition from  the  ordinary  motor  nerves  which  terminate  in  end-plates,  are 
present  in  muscle ;  and  analogy  would  lead  us  to  suppose  that  these  afferent 
fibres,  though  easily  excited  by  a  muscular  contraction,  might  possess 
a  low  general  sensibility.  In  favour  of  the  view  that  the  muscular  sense 
is  peripheral  and  not  central  in  origin,  may  be  urged  the  fiEict  that  the  sense 
is  felt  when  the  muscles  are  thrown  into  contraction  by  direct  galvanic 
stimulation  instead  of  by  the  agency  of  the  will.  Many  authors,  even 
while  admittiDg  the  existence  of  a  muscular  sense  of  peripheral  origin,  con- 
tend that  we  also  possess  and  are  very  largely  guided  in  our  movements 
by  what  might  be  called  a  'neural'  sense  of  central  origin.  That  is  to 
say,  the  changes  in  the  central  nervous  system  involved  in  initiating 
and  carrying  out  a  movement  of  the  body,  so  affect  our  consciousness, 
that  we  have  a  sense  of  the  effort  itselfl  It  has  been  observed  that 
when  the  posterior  roots  are  divided,  movements  become  less  orderly, 
as  if  they  lacked  the  guidance  of  a  muscular  sense ;  and  although  the  im- 
pairment of  the  movements  may  be  due  in  part  to  the  coincident  loss  of 
tactile  sensations,  it  is  probable  that  it  is  increased  by  the  loss  of  the  mus- 
cular sense.  There  is  a  malady,  called  locomotor  ataxy,  the  characteristic 
feature  of  which  is  that,  though  there  is  no  loss  of  direct  power  over  the 
muscles,  the  various  bodily  movements  are  effected  imperfectly  and  with 
difficulty,  from  want  of  proper  co-ordination.  In  this  disease  the  patho- 
logical mischief  is  found  in  the  posterior  columns  of  the  spinal  coid  and 
the  posterior  roots  of  the  spinal  nerves,  that  is  in  distinctly  afferent  struc- 
tures ;  and  the  phenomena  seem  due  to  inefficient  co-ordination  caused  by 
the  loss  both  of  the  muscular  sense  and  of  ordinary  tactile  sensations. 
The  patients  walk  with  difficulty,  because  they  have  imperfect  sensations 
hoth  of  the  condition  of  their  muscles  and  of  the  contact  of  their  feet 
with  the  ground.  In  many  of  their  movements  they  have  to  depend 
largely  on  visual  sensations ;  hence  when  their  eyes  are  shut,  they  become 
singnlarly  helpk 


Among  the  names  of  those  who  have  contributed  largely  to  our  know- 
ledge  of  the  physiology  of  the  various  senses,  the  following  (the  more  purely 

^  Beiehert  and  Da  Bois-Beymond^s  Arehiv^  1874,  p.  176. 
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physical  inquirers  being  passed  over)  call  for  special  mention.  In  rision, 
the  labours  of  Young  ^  on  accommodation  and  colour  sensationa,  of  Porkioje' 
on  subjective  phenomena^  of  Donders'  and  Helmholtz^  on  the  various  diop- 
tric features  of  the  eye  and  the  movements  of  the  ejeballs^  and  of  Wheat- 
stone  on  binocular  vision,  were  of  first  importance;  and  to  these,  on  the 
psychological  side  may  be  added  the  eqpeculations  of  Berkeley*.  It  need 
hardly  be  said  that  in  his  Physiological  Optics  Helmholtz  has  treated  the 
whole  subject  in  such  a  complete  and  masterly  way  as  to  make  it  almost 
entirely  hiis  own.  In  both  sight  and  hearing,  and  indeed  in  the  senses 
in  general,  we  owe  much  to  Johannes  Mflller',  The  physiology  of  touch, 
and  the  relations  obtaining  in  the  senses  in  general  between  the  stimulus 
and  the  sensation,  was  largely  advanced  by  the  labours  of  Weber'.  LasUj, 
the  researches  of  Helmholtz'  on  musical  sounds  mark  an  epoch  in  the 
history  of  the  physiology  of  hearing. 

1  Phil.  Traru.  1801. 

s  Beohacht,  u.  Venuch.  sur  Phyiiol,  d,  Sinns,  1825,  and  other  pi^pers. 

'  Nomeroos  papers  from  1846  onwards. 

^  NmnerouB  papers,  and  Handbuch  der  Phyiiol.  OpHk,  1867. 

»  The(yry  of  Vision,  1709. 

«  Phyi.  d.  Gesichtsnnm,  1826,  and  Handb.  der  Physiol  1835. 

7  De  Aure,  &o.  1820.   Wagnefs  Handwdrterbucht  Art.  Toitsifm. 

^  Tonempflndungen^  1870. 


CHAPTER  V. 


THE  SPINAL  CORD. 


Sec.  1.    As  a  Centre  of  Reflex  Action. 

Ve  have  already  discussed  (Book  L  Chap,  ui.)  the  general  features 
f  reflex  action,  so  that  we  can  now  confine  ourselves  to  special  points 
f  particular  interest  Since  the  frog  and  the  mammal  differ  very 
larkedly  from  each  other  in  respect  of  their  reflex  spinal  phenomena^ 
^  will  be  convenient  to  consider  them  separately. 

In  the  Frog. 

The  salient  feature  of  the  ordinary  reflex  actions  of  the  frog  is 
beir  purposeful  character,  though  every  variety  of  movement  may 
e  witnessed,  from  a  simple  spasm  to  a  most  complex  musculax 
lanoeuvre.    The  nature  of  any  movement  called  forth  is  determined : 

1.  By  the  nature  of  the  afferent  impulses.  Simple  nervous 
Qpulses  generated  by  the  direct  stimulation  of  afferent  nerve-fibres 
roke  as  reflex  movements  merely  irregular  spasms  in  a  few  muscles ; 
hereas  the  more  complicated  differentiated  sensory  impulses  eene- 
kted  by  the  application  q^the  stimulus  to  the  skin,  give  rise  to  large 
id  purposeful  movements.  It  is  much  more  easy  to  produce  a  reflex 
stion  by  a  slight  pressure  on  the  skin  than  by  even  strong  induction- 
locks  applied  directlv  to  a  nerve-trunk.  If,  in  a  brainless  frog,  the 
lea  of  skin  supplied  by  one  of  the  dorsal  cutaneous  nerves  be  sepa- 
ited  by  section  from  the  rest  of  the  skin  of  the  back,  the  nerve 
)ing  left  attached  to  the  piece  of  skin  and  carefully  protected  from 
jury,  it  will  be  found  that  slight  stimuli  applied  to  the  surface  of 
le  piece  of  skin  easily  evoke  reflex  actions,  whereas  the  trunk  of  the 
srve  may  be  stimulated  with  even  strong  currents  without  producing 
lything  more  than  irregular  movements. 

In  ordinary  mechanical  and  chemical  stimulation  of  the  skin  it  is 
aeries  of  impulses  and  not  a  single  impulse  which  passes  upwards 
long  the  sensory  nerve,  the  changes  in  which  may  be  compared  to 
le  changes  in  a  motor  nerve  during  tetanus.  In  every  reflex  action, 
1  fact,  the  central  mechanism  may  be  looked  upon  as  being  thrown 
ito  activity  through  a  summation  of  the  afferent  impulses  reaching 

1  Cf.  Stirling,  Lndwig's  Arheitfii,  1874. 
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When  a  muscle  is  thrown  into  contraction  in  a  reflex  action, 
the  note  which  it  gives  forth  does  not  vary  with  the  stimulus^  Imt  is 
constant,  being  the  same  as  that  given  forth  by  a  muade  thrown 
into  contraction  by  the  will.  From  which  we  infer  that  in  a  reflex 
action  the  afferent  impulses  do  not  simply  pass  through  the  centre 
in  the  same  way  that  they  pass  along  afferent  nerves,  but  are 
profoundly  modified.  And  this  explains  why  a  reflex  action  takes 
always  a  considerable  time,  and  fmjuently  a  very  long  time,  for  its 
development.  When  the  toes  of  a  brainless  frog  are  dipped  in  dilate 
sulphuric  acid,  several  seconds  may  elapse  before  the  feet  are  with- 
drawn. Making  every  allowance  for  the  time  needed  for  the  add 
to  develope  sensory  impulses  in  the  peripheral  endings  of  the  afferent 
nerve,  a  very  large  fraction  of  the  perioa  must  be  taken  up  by  the 
molecular  actions  going  on  in  the  nerve-cells.  In  otiier  words,  the 
interval  between  the  advent  at  the  central  organ  of  afferent,  and  the 
exit  from  it  of  efferent  impulses,  is  a  busy  time  foF  the  nerve-ceDs 
of  that  organ ;  during  it  many  processes,  of  whioh  at  present  we 
know  little  or  nothing,  are  being  carried  on. 

2.  By  the  intensity  of  the  stimulus.  We  have  already  pointed  oat 
(p.  90)  that  while  the  effects  of  a  weak  stimulus  are  limited  to  a  few, 
those  of  a  strong  stimulus  may  spread  to  many  efferent  nervei 
Granting  that  any  particular  afferent  nerve  is  more  particularly  as- 
sociated with  certain  efferent  nerves  than  with  any  others,  bo  that  the 
reflex  impulses  generated  by  impulses  entering  the  cord  by  the  former, 
pass  with  the  least  resistance  down  the  latter,  we  must  evidently 
admit  further  that  other  efferent  nerves  must  also,  though  less  directly, 
be  connected  with  the  same  afferent  nerve,  the  passage  into  the 
second  efferent  nerve  meeting  with  an  increased  but  not  insuperable 
resistance.  When  a  frog  is  poisoned  with  strychnia,  a  slight  touch 
on  any  part  of  the  skin  may  cause  convulsions  of  the  whole  body; 
that  is  to  say,  the  afferent  impulses  passing  along  any  sinrie  afferent 
nerve  may  give  rise  to  the  discharge  of  efferent  impulses  idongany  or 
all  of  the  efferent  nerves.  This  proves  that  a  physiological  if  not  an 
anatomical  continuity  obtains  between  all  the  nerve-ceUs  of  the  spinal 
cord  which  are  concerned  in  reflex  action,  that  the  nerve-cells  with 
their  processes  form  a  functionally  continuous  protoplasmic  networL 
This  network  however  is  marked  out  into  tracts  presenting  greater  or 
less  resistance  to  the  progress  of  the  impulses  into  which  afferent 
impulses,  coming  from  this  or  that  afferent  nerve,  are  transformed  on 
their  advent  at  the  network  ;  and  accordingly  the  path  of  any  series 
of  impulses  in  the  network  will  be  determin^  largely  by  the  eneisy 
of  the  afferent  impulses.  And  the  action  of  strychnia  is  most  easily 
explained  by  supposing  that  it  reduces  and  equalises  the  normal 
resistance  of  this  network,  so  that  even  weak  impulses  travel  over 
all  its  tracks  with  great  ease. 

3.  By  the  locality  where  the  stimulus  is  applied.  Pinching  the 
folds  of  skin  surrounding  the  anus  of  the  frog  produces  different 
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effects  from  those  witnessed  when  the  flank  or  toe  is  pinched ;  and, 
speaking  generally,  the  stimulation  of  a  particular  spot  calls  forth 
particular  movements.  From  this  we  may  infer  that  the  proto- 
plasmic network  spoken  of  above  is,  so  to  speak,  mapped  out  into 
nervous  mechanisms  by  the  establishment  of  lines  of  greater  or  less 
resistance,  so  that  the  disturbances  in  it  generated  by  certain  afferent 
impulses  are  directed  into  certain  efferent  channels.  But  the  arrange- 
ment of  these  mechanisms  is  not  a  fixed  and  rigid  one.  We  cannot 
predict  exactly  the  nature  of  the  movement  which  will  result  from 
the  stimulation  of  any  particular  spot.  Moreover,  under  a  change  of 
circumstances  a  movement  quite  different  from  the  normal  one  may 
make  its  appearance.  Thus  when  a  drop  of  acid  is  placed  on  the 
right  flank  of  a  frog,  the  right  foot  is  almost  invariably  used  to  rub  off 
the  acid ;  in  this  there  appears  nothing  more  than  a  mere  'mechanical* 
reflex  action.  If  however  the  right  leg  be  cut  off,  or  the  right  foot  be 
otherwise  hindered  from  rubbing  off  the  acid,  the  left  foot  is,  under 
the  exceptional  circumstances,  used  for  the  purpose.  This  at  first 
sight  looks  like  an  intelligent  choice.  A  choice  it  evidently  is ;  and 
were  there  many  instances  of  similar  choice,  and  were  there  any 
evidence  of  a  variable  automatism,  like  that  of  a  conscious  volition, 
being  manifested  by  the  spinal  cord  of  the  frog,  we  should  be  justified 
in  supposing  that  the  choice  was  determined  by  an  intelligence.  It 
is  however,  on  the  other  hand,  quite  possible  to  suppose  that  the 
lines  of  resistance  in  the  spinal  protoplasm  are  so  arranged  as  to 
admit  of  an  alternative  action ;  and  seeing  how  few  and  simple  are  the 
apparent  instances  of  choice  witnessed  in  a  brainless  frog,  and  how 
aDSolntely  devoid  of  spontaneity  or  irregular  automatism  is  the  spinal 
cord  of  the  frog,  this  seems  the  more  probable  view*. 

It  may  be  remarked  that  two  entirely  different  questions  are  started  by 
this  exhibition  of  choice;  the  one  is  whether  the  spinal  cord  of  the  frog 
possesses  intelligence,  the  other  is  whether  it  possesses  consciousness;  and 
oare  must  be  taken  to  keep  the  two  questions  apart.  Intelligence  in  the 
ordinary  meaning  of  that  word  undoubtedly  presupposes  consciousness ;  but 
we  are  not  at  liberty  to  say  that  consciousness  may  not  exist  without 
intelligenoe.  It  is  quite  possible  to  conceive  of  the  simplest  and  most 
mechanical  reflex  action  being  accompanied  by  consciousness;  the  coexist- 
of  the  consciousness  being  merely  an  adjunct  to,  and  in  no  appreciable 
J  modifying  the  mechanical  elaboration  of,  the  act.  On  the  other  hand, 
tliongh  it  is  possible  to  conceive  of  such  a  concomitant  and  apparently  useless 
eoosoiotisness,  and  though  if  we  admit  an  evolution  of  consciousness  we 
must  suppose  such  forms  of  consciousness  to  exist,  yet  inasmuch  as  our 
rssirm  for  believing  in  the  possession  of  consciousness  by  any  being  is 
hssed  on  the  similarity  of  the  acts  of  that  being  with  our  own  behaviour, 
are  precluded  from  distinctly  predicating  consciousness  except  in  the 
where  an  intelligenoe  similar  to  our  own  is  manifested.  *  But  the  dis- 


^  Pflflger,  Die  ientoritehe  Function  de$  ROekenmarki,  1868.   Sanders-Ezn,  Ladwig*8 
JfMtem  1S67.    Geigens,  Ffliiger*8  Arehiv,  xm.  (1876)  p.  61. 
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cnssion  of  tliis  subject  would  lead  us  too  far  away  from  the  object  of  the 
present  book. 

It  may  be  added  that  the  movements  evoked  by  even  a  aegm^t 
of  the  cord  may  be  purposeful  in  character ;  hence  we  must  o(»diude 
that  every  segment  of  the  protoplasmic  network  is  mapped  out  into 
mechanisms. 

4.  By  the  condition  of  the  cord.  The  action  of  strychnia  just 
alluded  to  is  an  instance  of  an  apparent  augmentation  of  reflex  action 
best  explained  by  supposing  that  the  resistances  in  the  cord  are 
lessened.  There  are  probably  however  cases  in  which  the  exploaive 
energy  of  the  nerve-cells  is  positively  increased  above  the  normaL 
Conversely,  by  various  influences  of  a  depressing  character,  as  bj 
various  anaesthetics,  reflex  action  may  be  lessened  or  prevented ;  and 
this  again  may  arise  either  from  an  increase  of  resistance,  or  from 
a  diminished  action  of  the  nerve-cells  themselves.  In  the  mammal 
the  condition  of  apnoea  is  antagonistic,  not  only  to  the  oonvulsioiis 
proceeding  from  the  convulsive  centre  in  the  medulla,  but  also  to 
reflex  actions  arising  in  any  part  of  the  cord,  such  as  those  produced 
by  strychnia. 

InMbitioii  of  Beflez  Action.  When  the  brain  of  a  fixig  is  re- 
moved, reflex  actions  are  developed  to  a  much  greater  d^;ree*than  in 
the  entire  animal.  We  ourselves  are  conscious  of  being  able  by  aa 
effort  of  the  will  to  stop  reflex  movements,  such  for  instance  aa  are 
induced  by  tickling.  There  must  therefore  be  in  the  brain  some 
mechanism  or  other  for  preventing  the  normal  development  of  Uie 
spinal  reflex  actions.  And  we  learn  by  experiment  that  stimulation 
of  certain  parts  of  the  brain  has  a  remarkable  effect  on  reflex  action. 
In  a  frog,  from  which  the  cerebral  hemispheres  only  have  been  re- 
moved, the  optic  thalami,  optic  lobes,  medulla  oblongata  and  spinal 
cord  being  left  intact,  a  certain  average  time  will  (see  p.  472)  be 
found  to  elapse  between  the  dipping  of  the  toe  into  very  dilute 
sulphuric  acid,  and  the  resulting  withdrawal  of  the  foot.  If,  how- 
ever, the  optic  lobes  or  optic  thalami  be  stimulated,  as  by  putting 
a  crystal  of  sodium  chloride  on  them,  it  will  be  found  on  repeating 
the  experiment  while  these  structures  are  still  under  the  influence 
of  the  stimulation,  that  the  time  intervening  between  the  action  rf 
the  acid  on  the  toe  and  the  withdrawal  of  the  foot  is  very  much 
prolonged.  That  is  to  say,  the  stimulation  of  the  optic  lobes  has 
caused  impulses  to  descend  to  the  cord,  which  have  there  so  inter- 
fered with  the  action  of  the  nerve-cells  engaged  in  reflex  action  as 
greatly  to  retard  the  generation  of  reflex  impulses ;  in  other  words, 
the  stimulation  of  the  optic  lobes  has  inhibited  the  reflex  action 
of  the  cord*. 

1  Setschenow,  Ueher  die  HemmungimeehanUmen  fUr  die  ReflexthStigheU  da  RUchn^ 
tnarki,  1863.  Setschenow  and  Pasohntin,  Neue  Vcnuehe^  1805.  Herzen,  Exp*  f 
let  Centres  moderateurt  de  Vaction  Hflexe,  1864. 
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We  might  infer  from  this  that  the  increase  of  reflex  action  which 
appears  after  removal  of  the  entire  brain,  is  due  to  the  absence  of  an 
mnibitory  centre  in  the  optic  lobes,  which  in  the  entire  frog  is  habi- 
tually restraining  the  reflex  actions  of  the  cord ;  but  at  present  we 
require  more  exact  evidence  on  this  point 

If  quinine'  be  injected  under  the  akin  of  the  back  of  a  frog  from  which 
the  cerebral  hemispheres  have  been  removed  but  in  which  the  optic  lobes 
liave  been  left  intact^  the  period  of  incubation,  if  we  may  use  the  phrase, 
cf  reflex  action  will  be  similarlj  much  prolonged.  If  afber  the  retardation 
has  become  dearly  developed,  the  optic  lobes  be  removed,  the  period  of 
incabaiiou  rapidly  returns  to  the  normal.  And  if  the  quinine  is  similarly 
injected  beneath  the  skin  of  a  frog  from  which  the  optic  lobes  as  well  as  the 
oerebral  hemispheres  have  been  removed,  no  such  retardation  makes  its 
appearance.  From  this  we  may  infer  that  the  injection  of  the  quinine 
inhibits  the  reflex  actions  of  the  spinal  cord  by  stimulating  an  iohibitoiy 
mechanism  in  the  optic  lobes.  It  does  not  seem  at  present  clear,  however, 
whether  the  quinine  acts  directly  and  chemically  on  the  optic  lobes,  or 
wliether  the  acid  solution  of  quinine  generates  in  the  skin  under  which  it  is 
injected  afferent  impulses  which  affect  the  optic  lobes  in  a  reflex  manner. 
An  attempt  has  been  made  to  explain  these  results  by  supposing  that  the 
stimulation  of  the  optic  lobes  does  not  bear  directly  on  the  cord,  but 
inhibits  the  heart,  and  so  by  lessening  the  supply  of  blood  diminishes  the 
aetivity  of  the  cord;  the  arguments,  however,  urged  in  support  of  this 
Tiew  are  not  conclusive. 

Langendorf  concludes  that  the  inhibitory  action  of  one  side  of  the  brain 
!■  exerted  on  the  reflex  actions  of  the  opposite  side  of  the  body,  the  in* 
Mkntory  impulses  crossing  in  the  medulla  oblongata. 

Such  an  effect  is  however  not  confined  to  the  optic  lobes.  Sti- 
muli, if  sufficiently  strong,  applied  to  any  afferent  nerve  will  inhibit, 
ie.  will  retard  or  even  wholly  prevent  reflex  action.  If  the  toes  of 
one  leg  are  dipped  into  dilute  sulphuric  acid  at  a  time  when  the  sciatic 
of  the  other  leg  is  being  powerfully  stimulated  with  an  interrupted 
current,  the  penod  of  incubation  will  be  found  to  be  much  prolonged, 
and  in  some  cases  the  reflex  withdrawal  of  the  foot  will  not  take  place 
at  alL    And  this  holds  good,  not  only  in  the  complete  absence  of  the 

Stic  lobes  and  medulla  oblongata,  but  also  when  only  a  portion  of 
e  ^inal  cord,  sufficient  to  carry  out  the  reflex  action  in  the  usual 
way,  is  left  There  can  be  no  question  here  of  any  specific  inhibi- 
tory centres,  such  as  are  supposed  to  exist  in  the  optic  lobes.  We 
have  already  seen  that  the  action  of  such  nervous  centres,  automatic 
or  reflex,  as  the  respiratory  and  vaso-motor  centres,  may  be  either 
inhibited  or  augmented  by  afferent  impulses.  The  micturition- 
centre  in  the  mammal  may  be  easily  inhibited  by  impulses  passing 
downward  to  the  lumbar  cord  from  the  brain,  or  upwards  along  the 
adatic  nerves.  Goltz  observed  that  in  the  case  of  the  dog  (see 
p.  328),  micturition  set  up  as  a  reflex  act  by  simple  pressure  on 

1  Chapdron,  PflOger's  Arehiv,  n.  (1869),  p.  293. 
*  Da  JBois-Beymond*!  Archiv,  1877,  p.  95. 
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the  abdomen,  or  by  spongiog  the  anas»  iras  at  once  stopped  by 
sharply  pinching  the  skin  of  the  leg.  And  it  is  a  matter  of  oohudoil 
experience  that  micturition  may  be  suddenly  checked  by  an  emodon 
or  other  cerebral  event.  The  erection  centre  in  the  lombar  ooid  is 
also  susceptible  of  being  inhibited  by  impulses  readiii^  it  from 
various  sources.  And  though  the  reflex  medianism  of  croakiDg 
belongs  to  the  optic  lobes^  and  not  to  the  8|Mnal  ooid,  this  maj  be 
quot€^  in  reference  to  the  inhibition  of  reflex  action,  since  the  cmk- 
ing  which,  in  a  frog  deprived  of  its  cerebral  hemispheres.  inTariaUr 
follows  the  stroking  of  the  flanks  in  a  particolar  way,  &il3  to  appeir 
if  a  sensory  nerve  such  as  the  sciatic  be  powerfully  stunnhoei  at  the 
same  time. 


In  fkct,  to  pat  the  matter  in  a  general  way.  two  aensoiy  impulses  srriT- 
ing  at  the  same  centre  along  diflerent  paths  may  inttiiere  with  eadi  odba^ 
and  so  lessen  each  other* s  influence  in  producing  a  reflex  f^fi^i,  or  odm^ 
wise  modi^ing  the  action  of  the  centre.     We  have  seen,  in  treatiiig  of  iiie 
senses,  that  two  sensory  impulses  may.  according  to  ciiramstanoe%  mute  ia 
prv>iiicing  a  sensation  greater  than  that  canaed  by  either  akmCy  or  they  naj 
lessen  each  other  s  infiaence.  or  they  may  have  no  eflect  on  each  other  at  aD| 
^tiich  sensory  impolse  prwiucing  its  eflecta  quite  independent  of  the  otbeCi 
We  have  moreover  seen  that  the  Tarioos  automatic  centrea^  whether  spoEi' 
uio  or  belonging  to  the  central  nervous  system,  may  in  Teference  to  sar 
given  aflerent  impulse  l:<  aflected  in  the  wmy  of  inhihitian  or  of  angmeata- 
tion.  or  may  not  be  aflecti^  at  alL   Indeed  we  may  say  probably  of  any  ntsi 
of  active  living  prv'«]i|4asm.  whether  automatic  or  r^ez,  whether  eoiMened 
in  coojciousness  cr  not,  that  it  is  so  related  to  other  parts  of  the  body,  thit 
i:s  activity  may  le  diimrished  or  exalted  or  unafiecved  by  erents  oocurini^ 
ir.  those  parts.     Wbet/^er  inhibidoo  «-  exaltation  or  indiflerenoe  is  in  anr 
pvt'n  c;akse  pred.^gr.irArt  will  defend  on  circumstanees  and  arrangementi^ 
the  na:ux>e  of  which  w>e  at  preseat  xinda^&tand  in  a  very  imperfiact  mamMi: 
And  the  difEcuItze^  are  i=.cr«ased  rather  than  diminished  by  prorapposing 
the  existence  oi  an  unliniied  nnnber  of  inhibitory  and  augmenting  filvcL 

1;  15  worthy  of  noiLv^v  i^a:  the  iniil4tory  action  of  the  optic  lobei 
s:v»ivn  of  *:v ve.  teir?  ex.-1-^vrIy  on  the  length  of  the  period  of  incahaaoo. 
Wo  L&^'e  no  evidence  :h&:  ::  %iiniini>hes  the  Tr.inimum  intenaitv  of  stimuli- 
::,^n  n?^nirt*\i  :o  ir\x:nce  a  pfd-ex  irtirn.  On  the  other  hiuid,  the  augment- 
:r^  c'd^*:  of  s^rrchnia  is  s&ii  to  rc>ince  no  chano^  in  the  period  of  incoba- 
:;on ;  whxn  a  frv"^  b  icisoned  with  ssychnia  the  reflex  movements  canseJ 
Vv  A  ^-vrv  ilUc::  «ir:ul:2s  mij  :e  v-ery  ^reas,  b;;t  the  period  of  incubatiaB 
n:Av  S^  the  dame  as  that  oc  a  fr>c  in  a  nvrmal  a 


1%  z\e  JIzfn'^i^L 


a:v  o\xV;::<\l  by  the  srinil  ,-*:r.:  as  runs  rf  nfflex  actions,  are  much 
uiOAV  l;-v.:u\;  :n  nA:urt\  izi  their  pcrpcseiiil  character  is  much  less 
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tvident  than  in  the  frog.  Goltz  and  Freusberg^  found  that  in  the  dog 
he  reflex  movements  of  the  hind  limbs  executed  by  the  lumbar  cord, 
iolated  by  section  from  the  rest  of  the  cord,  though  they  were  to  a 
ertain  extent  coordinated,  manifested  but  little  purpose.  Most  of  the 
eflex  movements  witnessed  in  a  mammal  as  the  result  of  an  occasional 
thnulus  are  of  an  irregular  disorderly  kind.  There  is  much  greater 
esistance  in  the  cord  to  the  propagation  of  stray  impulses^  the  ground 
I  preoccupied  by  established  tracts  leading  between  the  brain  and 
he  afferent  and  efferent  nerves.  It  is  chiefly  such  reflex  actions  as 
re  continually  being  repeated,  and  thus  form  part  of  the  ordinary 
itbour  of  the  cord,  that  exhibit  a  clear  purpose. 

Vicarious  reflex  movements  may  also  oe  witnessed  in  mammals, 
hough  not  to  such  a  striking  extent  as  in  frogs.  In  dogs,  in  which 
lartial  removal  of  the  cerebral  hemispheres  has  apparently  heightened 
he  reflex  excitability  of  the  spinal  cord,  the  remarkable  scratching 
dovements  of  the  hind  leg  which  are  called  forth  by  stimulating 
articular  spots  on  the  side  of  the  body,  are  executed  by  the  leg  of 
he  opposite  side,  when  the  leg  of  the  same  side  is,  even  without  any 
ireat  force  being  applied,  prevented  from  carrying  them  out*.  Here 
oo  the  absence  of  a  truly  purposeful  character  of  the  movements  is 
ery  marked,  and  the  phenomena  afford  a  strong  support  to  the 
mechanical '  explanation  of  the  more  complicated  behaviour  of  the 

POg. 

Aooording  to  Owsjannikow*,  if  in  the  rabbit  the  spinal  oord  be  divided 
i  the  calamus  scriptorius,  a  moderate  stimulus  applied  to  the  hind  foot 
Hues  movements  in  one  or  other  or  both  hind  legs,  but  none  in  the  fore 
^ff^  and  a  stimulation  of  the  fore  foot  causes  movements  in  the  fore  but 
oi  in  the  hind  legs;  whereas  if  a  zone  of  nervous  tissue  only  6  to  5  mm. 
a  height  be  left  above  the  calamus  scriptorius,  stimulation  of  either  foot 
Mj  produce  a  movement  in  any  part  of  the  body.  This  would  seem 
0  shew  that  the  mechanisms  co-ordinating  the  movements  of  the  fore 
imbs  with  those  of  the  hind  limbs,  which  in  the  finog  are  scattered 
Iter  the  whole  spinal  cord,  are  in  the  mammal  gathered  into  the  medulla 
bloQgata.  The  region  referred  to  above  lies,  it  may  be  remarked,  near 
0  the  'convulsive  centre'  ^see  p.  302).  Woroschiloff^  has  observed  that 
a  the  rabbit  direct  stimulation  with  an  interrupted  current  of  the  cervical 
otdy  down  as  far  as  the  origin  of  the  sixth  cervical  nerve,  causes  oo-ordi 
Ated  rhythmic  springing  movements  of  the  body,  whereas  when  the  same 
timulus  is  applied  to  lower  regions  of  the  cord,  a  rigid  tetanus  results ; 
his  too  indicates  the  existence  in  the  cervical  oord  of  peculiar  co-ordinating 
lechanisma. 

Muscular  movements,  as  parts  of  a  reflex  action,  ma^  occur  on 
timolation  of  not  only  the  ordinary  spinal  and  cranial  sensory 

1  PflUger's  Archiv,  Tin.  (LHU)  p.  460,  ix.  (1874)  p.  858. 
s  Oergens,  Pfliiger*B  ArehiVy  xiv.  (1877)  p.  840. 
*  Ladwig's  Arbdien,  1874,  p.  808. 
«  Lodwig's  ArMUn^  1874,  p.  99. 
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nerves,  but  also  of  the  nerves  of  special  sense.  A  sound  or  a  flash  of 
light  readily  produces  a  start,  a  bright  light  causes  many  pcnons  to 
sneeze,  and  reflex  movements  may  even  result  from  a  taste  or  smelL 

The  Time  required  for  Beflex  Actions. 

TVhen  we  stimulate  one  of  our  eyelids  with  a  sharp  electrical  sho^  both 
eyelids  bliDk.  Hence,  if  the  length  of  time  intervening  between  the  itimii- 
lation  of  the  right  eyelid  and  the  movement  of  the  left  eyelid  be  cuefoUj 
measured,  this  will  give  the  time  required  for  the  develc^nnent  of  a  refla 
action.  Ezner'  found  this  to  be  from  -0662  to  0578  sec,  being  less  far 
the  stronger  stimulus.  Deducting  from  these  figures  the  time  reqoind 
for  the  passage  of  afferent  and  efferent  impulses  along  the  fifth  and  £uiil 
nerves  to  and  from  the  medulla,  and  for  the  latent  period  of  the  museiiltr 
contraction  of  the  orbicularis,  there  would  remain  *0555  to  -0471  sec. 
for  the  time  consumed  in  the  central  operations  of  the  reflex  act  Tbe 
calculations,  however,  necessary  for  this  reduction,  it  need  not  he  ^ai, 
are  open  to  sources  of  error.  Exner  found  that  when  he  used  a  visul 
stimulus,  viz.  a  flash  of  light,  the  time  was  not  only  exceedingly  prolong^ 
•2168  sec.,  but  very  variable. 

The  time  required  for  any  reflex  act  varies,  according  to  Rotentiiil', 
very  considerably  with  the  strength  of  the  stimulus  employed,  being 
less  for  the  stronger  stimuli,  is  greater  in  transverse  than  in  longitndiBil 
conduction,  and  is  much  increased  by  exhaustion  of  the  cord  It  his  beeo 
stated  that  the  central  processes  of  a  reflex  action  are  propagated  in  the 
frog  at  the  rate  of  about  8  metres  a  second;  but  this  value  cannoi  be 
depended  on.  The  time  thus  occupied  by  purely  reflex  actions  must  not  In 
confounded  with  the  interval  required  for  mental  operations;  of  the  litter 
we  shall  speak  presently. 


Sec.  2.    As  A  Centre  or  Group  of  Centres  op  Autoiiatic 

Action. 

Irregular  automatism,  i,e.  a  spontaneity  comparable  to  our  own 
volition,  is  wholly  absent  from  the  spinal  cord.  A  brainless  frog 
placed  in  a  condition  of  complete  equilibrium  in  which  no  stimulus  is 
brought  to  bear  on  it,  remains  perfectly  motionless  till  it  diea 

Of  the  various  regular  automatic  centres,  both  the  numerous  ones 
in  the  medulla  oblongata,  such  as  the  vaso-motor,  respiratory,  &a,and 
the  more  sparse  ones  in  other  regions  of  the  cord,  such  as  those  con- 
nocted  with  micturition  (p.  328),  defaecation  (p.  234),  erection,  parturi- 
tion, anil  80  on,  we  have  treated  or  shall  have  to  treat  of  them  so 
fully  in  reference  to  their  respective  mechanisms,  and  discussed  how 
far  they  are  purely  automatic,  or  in  reality  merely  reflex  in  nature, 
that  nothing  more  need  be  said  here. 

>  rniiKor*«  Archiv,  viii.  (1874)  p.  626. 

"  MonaUbrricht  (L  Berlin,  Acad,  187S,  p.  104.     See  also  Siinma$berieht  d,  pkffU 
Mtd,  (rV«.  A'WuNj/t'n,  1875,  aud  Wundt,  Mechanik  der  Nerven^  ^.  Abu.  n.  (1S76). 
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The  connection  between  the  spinal  cord  and  the  automatic  move- 
menta  of  the  lymph  hearts  of  the  frog  has  also  (p.  89)  been  briefly 
zeferred  to.  Yolkmann  ^  was  the  first  to  observe  that  the  destruction  of 
even  a  small  portion  of  special  regions  of  the  spinal  cord  puts  an  end  to 
the  pulsations  of  these  organs,  the  region  or  centre  for  the  anterior  pair 
of  hearto  being  opposite  fiie  third  vertebra,  and  that  for  the  posterior 
pair  being  opposite  the  seventh  vertebra.  Eckhard'  however  observed 
that  the  pulsations,  though  ceasing  upon  the  destruction  of  the  regions  of 
the  spinal  cord  above  mentioned,  sifter  a  while  returned;  still  the  pulsations 
thus  independent  of  the  spinal  cord  differed  in  character,  from  being  more 
partial  and  iir^ular  than  those  witnessed  when  the  spinid  cord  was  intact. 
Oolts*  saw  the  pulsations  return  in  about  three  weeks  after  they  had  been 
•topped  by  section  of  the  tenth  (coccygeal)  spinal  nerve,  though  no  re- 
generation of  the  nervous  tract  had  taken  place ;  and  he  states  that  wiUi 
care  the  hearts  may  then  be  wholly  removed  from  the  body  without  arrest- 
ing their  pulsations.  Waldeyer^  ^ough  he  described  ganglionic  cells  in 
the  neighbourhood  of  the  hearts,  found  the  return  of  pulsations  after 
division  of  the  coccygeal  nerve  or  destruction  of  the  spinal  cord  too  iu- 
eonatant  to  prove  their  independence  of  the  spinal  cord,  and  Heidenhain  ^ 
arrived  at  a  similar  conclusion.  The  views  expressed  at  p.  168  concerning 
the  relations  of  peripheral  and  spinal  vaso-motor  centres  may  fairly  be 
)i^lied  to  these  lymph  hearts. 

Stimulation  of  the  coccygeal  nerves  with  the  interrupted  current 
brings  about  a  tetanic  systole  of  the  posterior  lymph  hearts,  but  stimu- 
lation with  a  strong  constant  current  causes  a  stand-still  in  diastole^ 
Ck>ltK'  found  that  die  lymph  hearts  might  like  the  blood  heart  be  in- 
hibited, and  broaght  to  a  diastolic  stand-still  ui  a  reflex  manner  by 
sharply  the  exposed  intestines,  and  that  they  might  also  be 
inhibited  by  pinching  the  auricles  of  the  blood  heart;  the 
centre  of  this  reflex  inhibition  appeared  to  be  in  the  medulla  and  the 
afferent  impulses  to  pass  along  the  vagus.  Suslowa'  traced  these  afferent 
inhibitory  impulses  from  the  intestine  through  the  rami  communicantes. 
He  found  that  after  destruction  of  all  the  posterior  sensory  spinal  roots, 
the  lymph  hearts  remained  in  a  (diastolic)  still-stand,  which  however 
gave  place  to  a  return  of  pulsatile  activi^  as  soon  as  the  rami  com- 
mnnicantes  were  also  divided,  the  experiment  in  his  opinion  indicating  that 
the  inhibitory  impulses  passing  along  the  latter  channel  from  the  intestine 
are  of  a  tonic  character.  Suslowa  edso  found  that  stimulation  of  a  trans- 
Terse  flection  of  the  optic  thalami  or  optic  lobes  produced  a  diastolic  stand- 
■till  of  ihe  lymph  hearts,  whereas  stimulation  of  a  transverse  section  of  the 
spinal  cord  itself  increa«ed  their  activity,  that  the  inhibitory  centres  of 
SetBchenow  in  fiEu^t  govern  also  the  lymph  hearts.  Priestley  *  has  in  the 
main  corroborated  Suslowa's  results. 

1  MOner's  Arehiv,  1844,  p.  419. 

*  Zt.f.  rat.  Med,  tui.  p.  24.  and  E^.  Phyt.  Nerv.  Syitem,  (1866)  p.  259. 

*  CbLf.  Med.  WUe.  1868,  p.  497. 
^  Stud.  Bre$l  Intt.  m.  71. 

*  DisauUitumei  de  nervU  organieque  cefUraWnu  eordii  eordiumoe,  Ao.  1864. 

*  Sekiuurd,  loe.  ciL    Waldeyer,  loc.  eit. 

f  CbLf.  Med.  Win.  1863,  p.  17  and  497;  1864,  p.  690. 

*  CbU  /.  Med.  Wise.  1867,  p.  888.    Zt.  f.  rat.  Med.  81  (1868),  p.  224. 

*  SiDdiaf  irom  Phys.  Lab.  Owens  College,  1877,  Preface. 
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It  has  been  maintained  that  the  spinal  cord  ezeicifleB  over  the 
skeletal  muscles  a  tonic  action  comparable  to  that  of  the  Taaa-motor 
centre  over  the  smooth  muscles  of  the  arteries.  There  is,  however, 
no  adequate  support  to  this  view.  When  a  muscle  is  cat  across  in 
the  living  body,  the  section  gapes,  because  all  the  muscles  of  the 
body  are  slightly  stretched  beyond  their  normal  length.  When  one 
side  of  the  face  is  paralysed  the  mouth  is  drawn  to  the  opposite  side, 
not  because  the  paralysed  muscles  have  lost  their  tone,  out  becaoie 
there  are  on  the  paralysed  side  no  contractions  to  antagonise  the 
effect  of  the  continually  repeated  contractions  of  the  sound  side.  And 
the  view  is  distinctly  disproved  b^  the  fact  that  when  in  the  Uving 
body  the  nerve  going  to  a  muscle  is  cut  no  permanent  lengthening  i 
the  muscle  is  caused.  After  the  sciatic  plexus  of  one  leg  of  a  hrm- 
less  frog  has  been  cut,  that  leg  hangs  down  more  helpleffily  than  the 
other  when  the  animal  is  suspended.  This  might  at  first  sight  he 
considered  as  the  result  of  loss  of  tone ;  but  the  same  flaccidity  is 
observed  in  a  leg  in  which  the  posterior  roots  only  of  the  sciatic 
plexus  have  been  divided.  The  difference  between  the  leg  of  the  one 
side  and  that  of  the  other  in  these  cases  is  that  the  sound  leg  ii 
rather  more  flexed  than  the  other ;  and  evidently  thia  slight  flexion, 
since  it  disappears  on  section  of  the  posterior  roots,  is  the  result  of  a 
reflex  and  not  of  an  automatic  action. 


S£C.  3.     As  A  C!OKDUCTOB  OF  AFFERENT  AND  EFFERENT  ImPULSOL 

When  we  move  our  foot,  or  feel  something  touching  our  foot^ 
efferent  or  afferent  impulses  must  evidently  pass  along  the  whole 
length  of  the  spinal  cord  on  their  way  from  and  to  the  braia  We 
might  suppose  that  in  such  cases  sensory  impulses  are  conveyed 
straight  along  a  fibre  from  the  periphery  to  the  sensorium,  and  to- 
litional  impulses  straight  along  a  fibre  from  the  organ  of  the  will  to 
the  muscular  fibre.  Or  we  Inight  suppose  that  the  conduction  is 
not  simple,  but  carried  out  by  a  more  or  less  complicated  system  of 
relays.  Both  anatomical  and  physiological  considerations  shew  that 
the  latter  view  is  the  correct  one. 

The  phenomena  of  reflex  action  have  shewn  us  that  the  cord  con- 
tains a  number  of  more  or  less  complicated  mechanisms  more  or  less 
capable  of  producing,  as  reflex  results,  co-ordinated  movements  alto- 
gether similar  to  those  which  are  called  forth  by  the  will.  Now  it 
must  be  an  economy  to  the  body,  that  the  will  should  make  use  of 
these  mechanisms  already  present,  by  acting  directly  on  their  centres, 
rather  than  it  should  have  recourse  to  a  special  apparatus  of  its  own  of 
a  similar  kind.  And  from  an  anatomical  point  of  view,  it  is  clear  that 
the  white  matter  of  the  upper  cervical  cord  does  not  contdn  a  suffi- 
cient number  of  fibres,  even  of  attenuated  dimensions,  to  connect  the 
brain,  by  afferent  or  efferent  ties,  with  every  sensory  or  motor  nerve- 
ending  of  the  trunk  and  limbs. 
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Regarded  in  a  genetic  aspect,  the  spinal  cord  is  a  series  of  cemented 
sgmentSy  having  mutual   relations   one  with  the  other,   and  all   being 
DYemed  by  the  dominant  cerebral  segments.     And  we  might  fairly  expect 
>  find  that  in  each  segment  of  the  cord  part  of  the  structures  are  purely 
igmental,  and  serve  as  a  nervous   centre  for  the  afferent  and  efferent 
erves  corresponding  to  a  portion  of  the  body,  while  part  are  commissural 
tractores  connecting  the  segment  with  other  segments,  and  the  remainder 
re  structures  connecting  the  governed  segment  with  the  governing  cere- 
ral  oigans.     Some  such  arrangement  as  this  is  indicated  by  the  directions 
iken  by  the  fibres  of  the  roots  of  the  spinal  nerve ;  and  the  view  is  sup- 
oried  l^  the  results  gained  by  comparing  sections  of  the  spinal  cord  taken 
t  diffsrent  points  of  its  length.     If  a  curve  be  constructed  representing  the 
actional  area  of  the  nerve-roots  entering  the  spinal  cord,  at  their  respec- 
LTB  points,  along  its  whole  length  from  the  first  cervical  to  the  last  sacral 
«rve,  some  such  form  as  that  shewn  in  Fig.  54  would  be  obtained.     If 
Dstead  of  the  sectional  area  of  each  pair  of  roots  the  continued  simimation 
f  the  roots  were  used  to  construct  the  curve,  the  form  would  be  that  of 
^  55.     If  the  variations  of  the  sectional  area  of  the  grey  matter  at 
iflferent  points  of  its  length  were  thrown  into  a  curve,  the  form  would  be 
bat  of   Fig.  56.     If  the  variations  of  the  sectional  area  of  the  lateral 
olnmns  were  taken,  the  curve  would   take   the  form  of  Fig.  57.     The 
aterior  columns  similarly  treated  would  give  Fig.  58,  and  the  posterior 
^.   59.      A  comparison  of  these  several  figures  suggests  the  view  that 
he  grey  matter  of  the  cord  is  preeminently  segmental,  falling  and  rising 
a  it  does  with  the  amount  of  nerve-fibre  passing  into  each  part  of  the 
ord,  and  that  the  lateral  columns,  increasing  as  they  do  from  below  up- 
rmrd,  much  more  steadily  than  either  the  grey  matter  or  the  anterior  and 
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hQ,  Si.    DlAOBilC    SHIWIMO    THE    BBLITIYS  SECTIONAL  ABEA8  OV   THE   SPINIL  NeBTES, 

AS  THET  JOIN   THE    SpINAL  CoRD. 

(To  be  read  from  left  to  right.) 

In  this  and  .the  snoceeding  fignres  taken  from  Worosohiloff's  paper  in  Ludwig's 
ifheiUfu  1874,  and  oonstraoted  from  Stilling*8  data  of  the  human  spinal  cord,  the 
•rrieal  dorsal,  lumbar,  and  sacral  nerves  are  used  as  abscissie ;  8  mm.  to  the  in- 
crval  between  each  two  nenre-roots.  The  ordinates  are  in  millimetres,  each  mm. 
iorresponding  to  a  square  unit  of  surface  of  nenre-root-seotion,  of  grey  substance,  or  of 
rhite  snbstance. 
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Pto,  55.     DlAOEAX    SHEWING   TBS    UNITED    SECTIONAL    ABEA8   OV   THE   SpINAL  NeBTES, 

yBOOBBnnio  fbox  below  upwaeds.    The  ordinates  in  this  figure  are  smaller  than  in 
Ibe  preeeding. 
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Fio.  68.    Diagram  shewing  the  variations  in  the  sectional  arba  of  the  ahw 

COLUMNS    OF   the    BpINAL    CoRD,  ALONG    ITS   LENGTH. 
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Fig.  59.    Duoeam  shewing  the  tariations  in  the  sectional  area  of  thb  posts 

COLUMNS   OF  THE    SpINAL  ^CoRD,    ALONG    ITS    LENGTH. 


posterior  columns,  are  the  chief  means  by  which  the  brain  is  brought  i 
connection  with  the  several  segments  of  the  cord,  and  thus  with  the  na 
of  the  body  at  large. 
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Our  iDformation  concerning  the  conduction  of  impulses  along  the 
pinal  cord  is  derived  partly  from  experiment  and  partly  from  patho- 
>gical  observation.  Both  these  methods  have  their  advantages  and 
isadvantages.  In  experiments  there  is  danger  of  confounding  the 
nmediate  and  temporary  effects  of  the  operation,  such  as  those  pro* 
uced  by  shock,  with  the  more  real  and  lasting  effects.  It  is  difficult 
x>  in  such  cases  to  determine  the  existence  of  sensations,  and  to  dis- 
nguish  between  reflex  and  purely  voluntary  movements.  In  patho* 
>gical  cases  we  have  the  advantage  of  being  able  clearly  to  define 
insation  and  volition,  but  this  is  frequently  more  than  counter- 
alanced  by  the  diffuse  nature  of  the  injury  or  disease,  and  the  want 
r  exact  anatomical  verification.  When  these  facts  are  borne  in 
lind,  it  will  easily  be  understood  that  in  no  part  of  physiology  are 
le  statements  of  investigators  more  conflicting  and  unsatisfactory. 

According  to  the  views  of  Brown-S^quard,  and  those  who  follow  him, 
ransverse  division  of  the  lateral  half  of  the  cord  is  followed  on  the 
Miie  side,  below  the  injury,  by  loss  of  voluntary  movement,  accom* 
anied,  not  by  loss  of  sensation,  but  by  hyperaesthesia,  and  on  the 
pposite  side  by  loss  of  sensation  without  any  affection  of  voluntary 
lovement ;  whereas  a  longitudinal  median  incision  through  the  cord 
auses  on  both  sides  loss  of  sensation  in  an  area  corresponding  to  the 
sngth  of  the  incision,  without  any  impairment  of  voluntary  movement. 
?hat  is  to  say,  sensory  impulses  entering  into  the  cord  at  its  pos- 
erior  root  immediately  cross  to  the  other  side  of  the  cord  and  so 
acend  to  the  brain,  whereas  efferent  impulses  of  volition,  though 
hey  cross  in  the  region  of  the  meduUa  oblongata  or  higher  up  (and 
lence  in  cases  of  pc^ysis  from  cerebral  mischief,  the  right  side  loses 
he  power  of  voluntary  movement  when  the  left  hemisphere  is  affected, 
kod  vice  versa) y  keep  to  the  same  side  of  the  cord  along  its  whole 
engtli.  The  paths  may  be  more  accurately  defined  by  stating  that  the 
ensory  impulses  pass  from  the  posterior  roots  along  a  certain  length 
>f  the  posterior  columns,  and  then  cross  over  to  the  grey  matter  of 
he  opposite  side,  in  which  they  ascend  to  the  brain,  while  volitional 
mpulses,  having  crossed  in  the  pons  Varolii  and  medulla  oblongata 
>efore  their  entrance  into  the  cord,  descend  in  the  antero-lateral 
^lumns,  keeping  to  the  same  side  throughout,  and  leave  the  cord  by 
.he  anterior  roots.  According  to  Yulpian\  the  volitional  impulses 
\re  confined  in  the  cervical  region  to  the  lateral  columns,  though  in 
he  dorsal  and  lumbar  regions  they  travel  in  the  anterior  columns  as 
veil,  and  the  decussation  is  not  confined  to  or  completed  in  the 
-egion  of  the  medulla,  but  is  continued  some  way  down ;  and  simi- 
arly  the  decussation  of  the  sensory  impulses  is  not  sudden  but  gra* 
loal,  so  that  section  of  a  lateral  hsJf  of  the  cord  affects  sensation  on 
x>tb  sides,  though  most  on  the  opposite  side. 

Schiff,  and  others  with  him,  make  a  distinction  between  the  con- 
luctioQ  of  distinct  tactile  sensations  and  that  of  general  sensibility, 

*  Sy$t.  Nerv.  Leq,  xvxi. 
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as  well  as  between  the  conduction  of  volitional  impulses  and  that  of 
impulses  merely  forming  part  of  a  reflex  action.  They  hold  that  purely 
volitional  impulses  pass  exclusively  along  the  antero-lateral  columiu^ 
and  purely  tactile  sensations  along  the  posterior  columns  of  the  same 
side,  and  that  the  grey  matter  is  capable  of  transmitting  tn  all  di- 
rections such  afferent  impulses  as  only  give  rise  to  affections  of 
general  sensibility,  and  such  efferent  impulses  as  are  parts  of  reflex 
actions.  Hence,  according  to  them,  when  at  any  part  of  the  cord  the 
continuity  of  the  white  matter  is  wholly  broken,  so  that  the  parts  above 
the  injury  are  connected  with  those  below  by  grey  matter  only,  tactile 
sensations  and  voluntary  movements  are  entirely  absent  in  the  parts 
below  the  injury,  though  violent  stimulation  of  those  parts  will  give 
rise  to  pain,  and  reflex  actions  in  them  may  be  induced  by  stimuli 
applied  to  parts  above  the  injury.  Conversely,  when  at  any  point 
the  grey  matter  is  destroyed  but  the  white  left  intact,  voluntaiy 
movements  and  tactile  sensations  remain  in  the  parts  below  the 
ii\ju7>  though  even  violent  stimuli  applied  to  those  parts  give  me 
to  no  pain,  and  reflex  actions  cannot  be  induced  in  them  by  stimuli 
applied  to  the  parts  above  the  seat  of  injury. 

Schiff  *  states  that  when  in  any  part  of  the  cord  the  posterior  eolumos 
only  are  left,  all  the  rest  of  the  white  and  the  grey  matter  being  removed, 
tactile  sensations  remain  though  no  pain  is  felt ;  there  is  analgesia  but  do 
anaesthesia ;  a  rabbit  thus  operated  on  is  readily  awaked  for  a  moment  from 
sleep  (artificially  induced  by  bleeding)  when  the  hind  limbs,  or  parts  bdov 
the  seat  of  injury,  are  even  lightly  touched,  but  exhibits  no  sign  of  pain 
when  the  nerves  are  laid  bare  and  pinched,  or  when  needks  are  driveo 
through  the  skin.  This  experiment  however,  on  which  Schiff  rests  his 
theory  of  analgesia,  does  not  prove  the  existence  of  tactile  sensations ;  it 
simply  shews  that  a  peculiar  condition  may  be  brought  about  in  whidi 
a  sensory  impulse  produces  a  maximum  initial  result  and  then  ceases  to 
have  any  effect  The  animal  moved  at  every  fresh  stimulus,  whether  alight 
or  strong,  whether  applied  to  the  skin  or  to  a  bare  nerve,  but  afler  the 
first  explosion  the  central  organs  concerned  in  the  matter,  whatever  they 
were,  appeared  to  be  exhausted.  The  condition  is  certainly  a  remarkable 
one,  and  may  bear  many  interpretations. 

To  make  these  views  logically  complete,  we  must  suppose  that 
after  section  of  a  lateral  half  of  the  cord,  tactile  sensations  and 
voluntary  movements  would  be  entirely  lost  on  the  same  side  below 
the  seat  of  injury,  but  that  pain  would  still  be  felt,  and  the  parts 
would  still  be  capable  of  being  thrown  into  movements  by  leflex 
action. 

Such  are  the  two  chief  opinions  held  on  this  subject,  and  it  must  he 
confosstxl  that  neither  is  satisfactory.  Much  confusion  has  probably 
aristm  from  different  kinds  of  animals  being  used,  and  different  parts  d 
the  oord  operated  on,  and  from  the  want  of  a  searching  microscopic 
examination  of  the  results  of  the  various  operations.     These  objections 

^  Lxhr'j.  p.  251. 


Chap,  v.]  SPINAL  CORD.  485 

cannot  be  urged  against  the  inquiries  of  Miescher*  and  Woroschiloff',  in  so 
fiir  as  their  experiments  were  all  conducted  on  rabbits,  and  on  the  same 
dorsal  part  of  the  cord,  Miescher  found  the  afferent  impulses  which^ 
starting  from  the  sciatic  nerve  and  trayelling  up  to  the  medullary  vaso- 
motor centre,  caused  a  rise  in  blood-pressure  by  acting  on  that  centre, 
passed  almost  exclusively  by  the  lateral  columns.  When  one  lateral 
column  was  divided,  stimulation  of  either  sciatic  produced  much  less 
than  the  normal  effect;  when  both  columns  were  divided,  no  effect  at 
all  was  produced.  When  only  the  lateral  columns  were  left,  the  other 
parts  being  destroyed,  the  vasomotor  influences  of  the  sciatic  stimula- 
tion appeared  to  be  quite  normal.  From  which  it  would  appear  that 
afferent  impulses,  such  as  affect  the  vaso-motor  centre,  pass  from  one  sciatic 
up  hoik  lateral  columns ;  and  Miescher  came  to  the  conclusion  that  they 
passed  more  on  the  opposite  than  on  the  same  side.  He  also  thought  that 
impulses  coming  from  more  distant  parts  travelled  more  to  the  outside 
of  the  columns  than  those  from  nearer  parts.  It  need  hardly  be  urged  that 
<me  set  of  experiments  of  this  kind,  the  result  of  which  can  be  definitely 
stated  in  millimetres  of  mercury,  as  measurements  of  the  rise  of  blood-> 
pressure,  are  worth  a  score  of  others,  in  which  trust  has  to  be  placed  in 
variable  and  illusory  signs  of  sensation.  On  the  other  hand,  it  is  obvious 
thai  the  path  of  the  afferent  impulses  which  affect  the  vaso-motor  centre 
might  be  quite  different  from  that  of  the  afferent  impulses  giving  rise  to 
sensations.  Woroschiloff  however  has  repeated  MieMsher's  experiments, 
using  the  ordinary  signs  of  sensation  instead  of  blood-pressure,  and  come  to 
the  conclusion  that  both  the  afferent  impulses,  which,  starting  in  the  hind 
limbs,  give  rise,  either  by  developing  into  sensations  or  by  originating  reflex 
stotions,  to  movements  in  the  head  and  fore  limbs,  and  the  efferent  impulses, 
which,  starting  in  the  brain  or  upper  part  of  the  spinal  cord,  either  by 
▼<^tioQ  or  as  the  result  of  stimulation,  produce  movements  in  the  hind 
limbs,  pass  ako  exclusively  through  the  lateral  columns.  The  course  of  the 
aflforent  impulses  differs  however  from  that  of  the  efferent  impulses,  in  so 
fiur  that  the  former  cross  over  largely  from  one  side  of  the  cord  to  the 
other,  while  the  latter,  though  they  also  cross,  do  so  to  a  small  extent  only. 
The  results  of  both  these  inquirers  then  lead  to  the  conclusion,  that  in  the 
donal  spinal  cord  of  the  rabbit  the  lateral  columns  form  the  chief  bridge 
between  the  fore  and  hind  part  of  the  body  for  the  conduction  of  impulses 
of  all  kinds. 

We  must  of  course  be  cautious  in  inferring  that  what  has  been  found 
to  be  true  of  the  dorsal  cord  is  also  true  of  other  parts  of  the  cord ;  still 
the  experimental  results  just  described,  when  compared  with  the  anatomical 
facts  mentioned  at  p.  481,  with  which  they  wonderfully  agree,  enable  us 
perhaps,  to  a  certain  extent,  to  interpret  the  observations  of  others  in  some 
aach  way  as  follows.  In  the  first  place,  if  there  be  any  truth  in  our  in- 
terpretation of  the  phenomena  of  strychnia  poisoning,  the  grey  matter  must 
be  physiologically  continuous,  and  a  stimulus  of  sufficterU  strength  may 
cause  impulses  to  travel  in  every  direction  along  its  whole  length.  In  the 
fecond  place,  this  protoplasmic  network  is  marked  out  by  barriers  of  resist- 
ance into  nervous  mechanisms  for  the  carrying  out  of  coordinated  muscular 
movements  and  for  the  association  of  afferent  impulses  with  these  move- 
mentsL     In  the  frog  these  nervous  mechanisms  must  be  many  and  com- 

^  Lndwig*!  Arbeiten,  1870^  p.  178.  •  Ibid.  1874,  p.  99. 
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plete ;  in  tbc  mammal,  though  thej  are  fewer  and  less  perfect,  tbej  exL<, 
since  the  reflex  movements  of  the  mammal,  though  less  purposeful  than 
those  of  the  frog,  are  still  coordinated  movements.     If  we  suppose,  as  we 
have  already  urged,  that  volition  makes  use  of  these  already  eTinting 
mechanisms  inst^id  of  requiring  separate  coordinating  mechanisms  in  manr 
respects  exactly  like  them,  we  should  expect  to  find  that  a  Tolitumal  im- 
pulse, tending  towards  any  movement,  in  descending  from  the  brain,  piwft 
into  the  grey  matter  of  the  cord,  at  the  spot  where  the  appropiiafie 
mechanism  exists,  before  it  emerges  in  the  anterior  root ;  and  ocmvendr, 
that  an  afferent  impulse  passes  first  into  the  mechanism,  with  which  it 
is  naturally  associated  for  the  production  of  the  frequently  oocurring  reflex 
action^  before  it  travels  up  to  the  brain  by  some  tract  more  direct  than 
the  grey  matter.     And  we  should  look  also  for  similar  arrangements  oon- 
necting  any  group  of  nerves,  not  only  with  the  brain,  but  with  distant 
parts  of  the  cord.     In  harmony  with  these  functional  requirements  ve 
should  be  prepared  to  find  that  the  entrance  of  any  large  group  of  nerrei 
into  the  spinal  cord  was  associated  with  a  large  development  of  grey  matter 
for  the  IcMcal  coordinating  mechanisms,  and  with  a  CMrresponding  incretta 
of  certain  parts  of  the  white  matter,  which  brought  these  mechanisms  into 
connection  with  both  the  afferent  and  efferent  nerves ;  but  that  the  longi- 
tudinal connecting  tracts  of  white  matter  would  stcaadily  increase  firam 
below  upwards,  inasmuch  as  a  larger  and  lai^ger  number  of  mechanisms  had 
to  be  connected  with  the  brain,  though  the  increase  would  not  be  so  rqsd 
or  uniform  as  that  of  the  united  sectional  areas  of  the  nerves,  idnoe  aonie 
part  of  these  connecting  tracts  would  serve  to  connect  distant  parts  of  the 
spinal  cord  itsell     In  other  words,  we  should  anticipate  seme  such  an 
anatomical  variation  of  the  cord,  as  we  actually  do  find  to  be  the  case :  the 
^nvy  matter  varying  directly  in  proportion  to  the  nerves  entering  into  ik 
(Figs.  o4.  56 V  and  the  anterior  and  posterior  columns  following  the  gx«T 
mat  tor  very  olosoly  (Futsl  58,  59>,  while  the  lateral  columns   (Fig.  57), 
thoui^h  not  exactly  }iarallel  to  the  united  sectional  areas  of  the  nerrei 
(FiiT.  5t'>»,  st<?adily  increase  from  below  upwards. 

In  an  oniinary  state  of  things,  with  the  conl  quite  intact,  we  shooM 
ox{xvt  to  tiiid  that  both  voluntary  and  sensory  impulses  sprnd  into  the 
^\v  matter  0:$  little  as  was  consistent  with  their  due  propagation,  and  that 
they  {xu^sed  chiedy  along  their  own  side :  but  we  can  also  readily  ims^ne 
that  when  the  ordinarv  tracts  were  inteiifered  with,  as  after  section  of  the 
white  matter.  ]>owerful  impulses  (and  these  would  naturally  be  sensoiT 
ouo:s  sinct^  the  gi^neration  of  sensory  but  not  of  volitional  impulses  is  in 
the  hands  of  the  exi^rimenter,  and  moreover  is  of  almost  unlimited  range) 
might  spn\^d  in  m:iny  directions  over  the  grey  matter.  Such  errant  im- 
puls*^  would  of  necessity,  when  they  reached  the  conscious  centre,  appetf 
not  as  tactile,  but  simply  as  iiiffuwd,  unlocalized,  painful  sensations^  Ueooe 
it  Wiv.iKi  iv  said  that  the  grey  matter  conveyed  the  sensory  impulses,  not  of 
towoh,  but  of  }>ain. 

Mortv\*vr  we  must  bear  in  mind  that  the  barriers  of  resistance  in  the 
i^n^toj^U-wm  of  the  grey  maner  are  iK>t  wholly,  even  if  largely  structunJ. 
\Ve  have  se«Hi  that  the  whole  card  may  be  inhibited  in  reference  to  rrftf 
aotioiv  This  total  inhibition  b  probably  made  up  of  individual  inhibiticDi; 
Mul  iu  studying  the  effeotjt  of  action  or  injury  of  the  spinal  cord  we  miot 
iH>ar  iu  miud  that  the  change  caused  by  the  operation  most  prohably  affccti 
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the  transmission  of  impulsefi,  not  only  negatively  by  breakins^  down  ac- 
customed tracts,  but  altio  positively  by  altering  the  action  of  inhibitory  im- 
palses.     We  have  a  clear  instance  of  this  in  the  remarkable  hypereesthesia 
which  is  a  constant  effect  of  a  lateral  section  of  the  cord.     Since  it  appears 
immediately  after  the  operation,  it  cannot  be  due  to  any  inflammatory  pro- 
cess.    Nor  can  it  be  explained  as  simply  the  result  of  the  increased  supply 
of  blood  to  the  peripheral  terminations  of  the  sensory  nerves,  caused  by  the 
aection  involving  vaso-motor  tracts;  since  the  simple  section  of  a  vaso- 
motor tract,  as  when  the  cervical  sympathetic  is  divided,  does  not  give  iise 
to  hypenesthesia.     Nor  can  we  explain  it  as  due  to  a  one-sided  hyper- 
hsmia  of  the  spinal  cord  itself,  for  we  have  no  evidence  that  such  a  state 
of  things  is  brought  about     Since  it  lasts  for  a  very  considerable  time 
it  cannot  be  due  to  any  passing  exciting  effect  of  the  operation.      In 
the  frog,  after  hemisection  of  the  cord  below  the  brachial  plexus,  this 
hyperesthesia  is  manifested  by  increased  reflex  movements  occurring  in  the 
lower  limbs  as  well  as  in  the  upper  when  the  lower  limbs  are  stimulated ; 
and  when  the  hemisection  is  converted  into  a  complete  section  an  hyperses- 
thesia  still  remains  in  both  lower  limbs,  but  it  is  then  spoken  of  simply 
MM  increased  reflex  action,  due  to  the  isolation  of  the  lower  cord  from  an 
inhibitory  centre  placed  higher  up.   In  the  rabbit,  according  to  Woroschiloff, 
hjpersesthesia,  after  hemisection  of  the  dorsal  cord,  manifests  itself,  not  so 
much  in  increased  reflex  actions  in  the  lower  limbs  as  in  increased  move- 
mentB  of  the  upper  part  of  the  body  when  a  stimulus  is  applied  to  the 
lower  limbs.     This  may  be  interpreted  as  indicating  that  in  the  rabbit 
the    hemisection    removes   inhibitory   influences    which   previously  were 
checking  not  so  much  the  so  to  speak  direct  reflex  conversion  of  afferent 
into   efferent  impulses,  as  the  propagation  of  the  afferent  impulses  to 
higher  parts  of  the  spinal  coi*d  and  so  upwards  to  the  brain.     We  have 
already  insisted  on  the  probable  complexity  of  the  central  processes  in- 
volved in  a  reflex  action  of  even  the  simplest  kind.     And  of  the  long 
chain  of  molecular  events  intervening  in  the  central  (reflex)  mechanism 
between  the  advent  of  the  simple  afferent  impulse  and  the  issue  of  the 
simple  efferent  impulses,  we  may,  without  too  gi'eat  a  presumption,  suppose 
that  those  on  the  so  to  speak  afferent  side  of  the  chain  might  be  affected  by 
eztrLDsic  (inhibitory  or  other)  influences  more  than  those  on  the  efferent 
side  or  than  those  more  central ;  and  vice  versa.     Hence,  adopting  the  view 
already  niged,  that  the  central  mechanisms  which  serve  for  reflex  actions 
are  also  the  instruments  of  the  higher  cerebral  operations,  the  afferent  side 
of  the  mechanism  being  more  especially  connected  with  sensation,  and  the 
eflSnrent  with  volition,  we  see  the  possibility  of  the  removal  of  certain  in- 
hibitory influences  manifesting  itself  especially  as  an  apparent  increase  of 
sensibility.     And  this  naturally  would  occur  more  readily  in  the  rabbit, 
where  the  simpler  reflex  actions  of  the  cord  are  so  largely  subordinated 
to  the  operations  of  the  brain,  than  in  the  frog,  where  they  still  retain 
ao  mndi  of  their  primitive  independence.    When  the  section  passes  through 
the  whole  cord  instead  of  half,  the  absence  of  inhibition  can  of  course  only 
be  shewn  by  increased  reflex  action  in  both  cases.     When  these  obscure 
inhibttoiy  mechanisms  have  been  more  completely  worked  out,  many  of 
the  at  (nresent  discordant  results  of  operations  and  injuries  will  probably  be 
exphuned  away. 

Much  discussion  has«  arisen  on  the  question  whether  the  spinal 
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cord  can  be  excited  by  stimuli  applied  directly  to  it  Undoubtedly, 
the  cord,  as  a  whole,  is  irritable;  if  two  electrodes  be  plunged  into 
it,  and  a  current  sent  through  the  intervening  tissue,  muscuk^  move- 
ments, arterial  constriction,  and  other  results,  follow.  But  in  such  a 
case,  the  current  falls  into  nerve-roots,  which  are  as  irritable,  at  least, 
as  the  nerve-trunks.  Schiff  and  Van  Deen  maintain  that  the  grey 
matter  of  the  cord,  though  it  will  convey  both  motor  and  sensory 
impulses,  cannot  originate  them.  They  speak  of  it  accordingly  as 
kinesodic  and  cBsthesodic,  as  simply  affording  paths  for  motor  and 
sensory  impulsea.  Judging  the  matter  dpmrf.it  inight  be  imagined 
that  the  molecular  constitution  of  a  nerve-cell  as  distinguished  from  a 
nerve-fibre  is  of  such  a  kind  that,  though  natural  impulses  pass  through 
its  protoplasm  in  a  perfectly  orderly  manner,  the  direct  apphcation 
of  an  artificial  stimulus,  which,  whether  mechanical  or  electrical, 
must  of  necessity  be  gross  in  nature  and  rough,  would  produce  not  a 
series  of  definite  impulse-waves,  but  rather  a  confused  disturbance,  a 
broken  mass  of  waves,  whose  interference  with  each  other  hindered 
the  propagation  of  any  of  them.  But  as  a  matter  of  fact,  Miescher' 
found  that  after  he  had  removed  the  posterior  colunms  for  a  certiin 
distance,  so  as  to  get  rid  of  all  afferent  nerve-fibres,  the  grey  matter 
of  the  stump,  as  tested  by  the  effects  on  blood-presaurei  still  remained 
sensitive,  especially  to  mechanical  stimulation.  Fick  and  Engelken* 
also  found  the  anterior  columns  irritable  when  tested  with  an  elec- 
'  trical  stimulus. 

1  Op.  eit. 

*  Da  Boifl.Bejmond'8  Arehiv,  1S67,  p.  19S.    Pflttger*B  Arekit,  n.  (1869),  ^  414. 


CHAPTER  VI. 


THE  BRAIN. 


Sec.  1.    On  the  Phenomena  exhibited  by  an  Animal  depbived 

OF  ITS  Cerebral  Hemispheres. 

A  FROG  from  which  the  cerebral  lobes  have  been  removed,  the  optic 
lobes  being  left  behind,  seems  to  possess  no  volition.  The  apparently 
spontaneous  movements  which  it  executes  are  so  few  and  seldom  that 
it  is  much  more  rational  to  attribute  those  which  do  occur  to  the 
action  of  some  stimulus  which  has  escaped  observation,  than  to  sup^ 
pose  that  they  are  the  products  of  a  will  acting  only  at  long  intervals 
and  in  a  feeble  manner. 

By  the  application  however  of  appropriate  stimuli,  such  an  animal 
can  be  induced  to  perform  all  the  movements  which  an  entire  frog 
is  capable  of  executing.  It  can  be  made  to  swim,  to  leap,  and  to 
crawl.  When  placed  on  its  back,  it  immediately  regains  its  natural 
position.  When  placed  on  a  board,  it  does  not  fall  from  the  board 
when  the  latter  is  tilted  up  so  as  to  displace  the  animal's  centre  of 
gravity;  it  crawls  up  the  board  until  it  gains  a  new  position  in  which 
Its  centre  of  gravity  is  restored  to  its  proper  place.  Its  movements 
are  exactly  those  of  an  entire  frog  except  that  they  need  an  external 
stimulus  to  call  them  forth.  They  inevitably  follow  when  the  stimu* 
lus  is  applied;  they  come  to  an  end  when  the  stimulus  ceases  to  act. 
By  contmually  varying  the  inclination  of  a  board  on  which  it  is 

E laced,  the  frog  may  be  made  to  continue  crawling  almost  indefinitely; 
ut  directly  the  board  is  made  to  assume  such  a  position  that  the 
body  of  the  frog  is  in  equilibrium,  the  crawling  ceases;  and  if  the 
position  be  not  disturbed  the  animal  will  remain  impassive  and  quiet 
for  an  almost  indefinite  time.  When  thrown  into  water,  the  creature 
begins  at  once  to  swim  about  in  the  most  regular  manner,  and  will 
continue  to  swim  till  it  is  exhausted,  if  there  be  nothing  present  on 
which  it  can  come  to  rest.  If  a  small  piece  of  wood  be  placed  on  the 
water  the  frog  will  when  it  comes  in  contact  with  the  wood  crawl 
tipon  it,  and  so  come  to  rest.  If  its  flanks  be  gently  stroked,  it  will 
croak;  and  the  croaks  follow  so  regularly  and  surely  upon  the  strokes 
that  the  animal  may  almost  be  played  upon  like  a  musical  instru- 
ment. Moreover,  the  movements  of  the  animal  are  influenced  by 
light ;  if  it  be  urged  to  move  in  any  particular  direction,  it  will  avoid 
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in  irs  pro^rress  olijects  casting  a  strong  shadow.  In  fact,  eren  to  % 
careful  observer  the  ditferences  between  such  a  frog  and  an  entire 
frog  which  was  simply  very  stupid  or  very  ohsnnate,  woold  appear 
slight  and  unimportant  except  in  one  point,  viz.  that  the  animal 
without  its  cerebral  hembpberes  was  obedient  to  every  stimulus, 
and  that  each  stimulus  evoked  an  appropriate  movement,  whereas 
with  the  entire  animal  it  would  be  impossible  to  predict  whether  any 
result  at  all.  and  if  so  what  result,  would  follow  the  application  of 
this  or  that  stimulus.  Both  are  machines ;  but  the  one  is  a  machine 
and  nothing  more,  the  other  is  a  machine  governed  and  checked  by 
a  dominant  volition. 

Now  such  movements  as  crawling,  leaping,  swimming,  and  indeed, 
to  a  gn:ater  or  less  extent,  all  bodily  movements,  are  carried  out  by 
lueans  of  c>:*«>rdinate  nervous  motor  impulses^  inflookced,  arranged, 
and  governed  by  coincident  sensory  or  afferent  impulses.  We  hare 
alreaiiv  seen  that  muscular  movements  are  determined  bT  the  moseo- 
i:\r  sen>e :  they  are  also  directed  by  means  of  sensory  impulses  passing 
oeutripeiaily  along  the  sensory  nerves  of  the  skin,  the  eye,  the  ear,  and 
other  organs.  Independently  of  the  afferent  impolses,  which  acUng  as 
a  s:iniulus  cali  fort^  the  movement*  all  maimer  of  other  afferent  im- 

m 

p-ai^es  aiv^  ccncemed  in  the  generation  and  coordination  of  the  resolt- 
aa:  motor  :xnpu*.se$w  Every  lodily  movement  such  as  those  of  which 
we  are  sp^^judng  is  the  wori^  oi  a  more  or  le^  complicated  nervous 
mechanism,  in  wtiich  there  are  not  onlv  central  and  efferent,  but  also 
afferent  taosors.  And.  patting  aside  the  question  of  consciousness, 
with  which  we  have  here  no  occasion  to  deal,  it  is  evident  that  in  the 
frvg  doprivec  of  its  cervbral  hemispheres  all  these  factors  are  present, 
tho  Afi:nru:  n>  less  than  the  ces^'ral  and  :he  efferent.  The  machineir 
tor  all  :ho  ziecer^ssiry  a::i  usual  bc^y  movements  is  present  in  all 
its  vvr-;plv:e:itS!?.  Tee  share  theprfore  which  the  cerebral  hemi- 
spheres :.uLe  :a  ex-vu::-g  the  movecien:s  of  which  the  entire  animal 
;>  OAo^Vle,  is  s::r-*>lv  :hi:  c:  P'ASTisj  i^w  "uicAiHerv  into  action.  The 
wi.^  :w:s  ;v::-r  :hv  niAziz^rr  c:  a  suciulus:  it  might  be  called  an 
::;:riv.s::  s:in:.*^u5w  lis  :i>rn:::=ii  are  limiied  bv  the  machinerv  at  its 
\v:u"\^v:l  ii.r  c^frvcrkl  hriiilsrcervs  bv  their  acnoa  can  onlv  give 
s:'.avv  :o  jk  K>i«y  n:vr::i-:c:  by  s^lrc:ing  particular  parts  of  the 
lurvous  uiJhvhiiiTrrr  :o  b*:-  :hr:wi:  :-:o  aouv::v:  acd  preciselv  the  same 
:v,x  \  t  iiuv.:  r.:Ay  r^  i:::::A:cii  in  ^rir  art5< nee.  by  applying  such  stimuli 
AS  s:*,a11  :hr:w  rrtviselv  :he  skzi-e  r«ir:s  of  tha:  machinerv  into  the 


spinal 

or.!\  V>,'  Ia::*'-:  *  i-::i  rlu>-\.i  ;-  i:s  b<wi  nr-ike*  no  attempt  to  regain 
•.',s  v./rtv,Al  ivcs:::.'^  .  rj.  fjk":.  ::  :iifcy  >?  5a:i  :o  have  completely  lost  its 
v,.*i:v^I  jvys:::vC  :Vc  cVi::  wh«c  yijhc^r'.i  -.'n  i":s  feet  it  does  not  stand 
>»'/,l"x  ::*  :Vr^'  f;v:  ^-w:.  Jts  i-.xs  :hT  ^Th-er  aziin^  b'::!  lies  flat  on  the 
itvu:uL     \V..s.'t:  :hr:^'.i  :-:o  wa:er.  --zaSc^i  x  sifimming  it  sinks  like 
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lump  of  lead.  When  pinched,  or  otherwise  stimulated,  it  does  not 
awl  or  leap  forwards;  it  simply  throws  out  its  limbs  in  various 
stys.  When  its  flanks  are  stroked  it  does  not  croak ;  and  when 
board  on  which  it  is  placed  is  inclined  sufficiently  to  displace  its 
mire  of  gravity  it  makes  no  effort  to  regain  its  balance,  but  falls 
f  the  board  like  a  lifeless  mass.    Though,  as  we  have  seen,  there  is 

all  parts  of  the  spinal  cord  of  the  frog  a  large  amount  of  coordi- 
iting  machinery,  it  is  evident  that  a  great  deal  of  the  more  com* 
ex  machinery  of  this  kind,  especially  all  that  which  has  to  deal 
ith  the  body  as  a  whole,  and  all  that  which  is  concerned  with 
[uilibrium  and  is  specially  governed  by  the  higher  senses,  is  seated 
>t  in  the  spinal  cord  but  in  the  brain  and  medulla  oblongata.  We 
lall  presently  see  that  in  the  frog  a  great  deal  of  this  more  complex 
achinery  is  concentrated  in  the  optic  lobes.  The  point  however 
•  which  we  wish  now  to  call  special  attention  is  that  the  nervous 
lachinery  required  for  the  execution,  as  distinguished  from  the  origi- 
ition,  of  bodily  movements  even  of  the  most  complicated  kind,  is 
resent  after  complete  removal  of  the  cerebral  hemispheres,  though 
lese  movements  may  require  the  cooperation  of  highly  differentiated 
ferent  impulse8\ 

Our  knowledge  of  the  phenomena  presented  by  the  bird  or  mam- 
tal  from  which  the  cerebral  hemispheres  have  been  removed  is  not  so 
cact  as  in  the  case  of  the  frog.    We  may  however  assert  that  volition 

absent,  though  movements  apparently  spontaneous  in  character  are 
lOre  common  with  the  mammal  than  with  the  frog,  as  might  be 
qpected,  seeing  that  the  more  complicated  brain  of  the  iformer  affords, 
ren  in  the  absence  of  the  cerebral  hemispheres,  much  more  op- 
^rtunity  for  the  origination  of  stimuli  within  the  nervous  system 
self,  and  for  the  play  of  stimuli,  however  originating,  than  does 
lat  of  the  latter. 

When  the  cerebral  hemispheres  are  removed  from  a  bird  the 
aimal  is  able  to  maintain  a  completely  normal  posture,  and  that  too 
ben  the  corpora  striata  and  optic  thalami  are  taken  away  at  the 
ime  time.  It  will  balance  itself  on  one  leg,  after  the  fashion 
r  a  bird  which  has  in  a  natural  way  gone  to  sleep.  In  fact, 
le  appearance  and  behaviour  of  a  bird  which  has  been  deprived 
r  its  cerebral  hemispheres  are  strikingly  similar  to  those  of  a 
iid  sleepy  and  stupid.  Left  alone  in  perfect  quiet,  it  will  remain 
npassive  and  motionless  for  a  long,  it  may  be  for  an  almost  in- 
efinite  time.  When  stirred  it  moves,  shifts  its  position ;  and  then 
[&  being  left  alone  returns  to  a  natural,  easy  posture.  Placed 
Q  its  side  or  its  back  it  will  regain  its  feet ;  thrown  into  the  air, 
I  flies  with  considerable  precision  for  some  distance  before  it  returns 
>  rest.  It  frequently  tucks  its  head  under  its  wings,  and  if  by 
idicioas  feeding  it  has  been  kept  alive  for  some  time  after  the 
peration,  it  may  be  seen  to  clean  its  feathers  and  to  pick  up  com  or 

^  Ct  Goliz,  Functionen  d.  Nerveneentren  des  Frotehes,  1869.  • 
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to  drink  water  presented  to  its  beak^«  It  may  be  induced  to  move  not 
only  by  ordinary  stimuli  applied  to  the  skin,  but  also  by  sudden  sharp 
sounds,  or  flashes  of  light;  and  it  is  evident  that  its  movements  are 
to  a  certain  extent  guided  by  visual  sensations,  for  in  its  flight  it  will, 
though  imperfectly,  avoid  obstacles.  Save  that  all  signs  of  volition 
are  absent,  that  all  satisfactory  indications  of  intelligence  are  wanting, 
and  that  the  movements  are  on  the  whole  clumsy,  resembling  rather 
those  of  a  stupid  drowsy  bird  than  those  of  one  quite  wide  awake, 
there  is  very  little  to  distinguish  such  a  bird  from  one  in  full  posBes^ 
sion  of  its  cerebral  hemispheres. 

Even  in  a  mammal,  during  the  few  hours  which  intervene  between 
the  removal  of  the  hemispheres  and  death,  very  much  the  same  phe- 
nomena may  be  observed.  The  rabbit,  or  rat,  operated  on  can  stuid, 
run  and  leap;  placed  on  its  side  or  back  it  at  once  regains  its  feet 
Left  alone,  it  remains  as  motionless  and  impassive  as  a  statue,  save 
now  and  then  when  a  passing  impulse  seems  to  stir  it  to  a  sudden  hot 
brief  movement.  Such  a  rabbit  will  remain  for  minutes  together 
utterly  heedless  of  a  carrot  or  cabbage-leaf  placed  just  before  its  nose, 
though  if  a  morsel  be  placed  in  its  mouth  it  at  once  b^ns  to  gnaw 
and  eat.  When  stirred,  it  will  with  perfect  ease  and  steadiness  run 
or  leap  forward;  and  obstacles  in  its  course  are  very  frequently, 
with  more  or  less  success,  avoided.  It  will  follow  by  movementi 
of  the  head  a  bright  light  held  in  front  of  it  (provided  that  the 
optic  nerves  and  tracts  have  not  been  injured  during  the  operation), 
and  starts  when  a  shrill  and  loud  noise  is  made  near  it.  When 
pinched  it  cries,  often  with  a  long  and  seemingly  plaintive  scream. 
Evidently  its  movements  are  guided  and  may  be  originated  by  tactile, 
visual,  and  auditory  sensations^.  But  there  is  no  evidence  that  it 
possesses  either  visual  or  other  perceptions^  while  there  is  almost 
clear  proof  that  the  sensations  it  experiences  give  rise  to  no  idei& 
Its  avoidance  of  objects  depends  not  so  much  on  the  form  of  these  is 
on  their  interference  with  light.  No  image,  whether  pleasant  or 
terrible,  whether  of  food  or  of  an  enemy,  produces  an  effect  on  it, 
other  than  that  of  an  object  reflecting  more  or  less  light.  And 
though  the  plaintive  character  of  the  cry  which  it  gives  forth  when 

1  Bischoff  and  Yoit,  Sitzung$berichU  Acad.  Wits.  MUnehen.  1863,  pp.  479,  41511; 
1868,  p.  106. 

'  Here  wo  come  upon  a  difficulty,  which  we  shall  meet  with  again  in  the  preMot 
chapter.  Are  we  justified  in  speaking  of  *  sensation*  in  oases  where  we  have  reason  to 
think  that  consciousness  is  absent,  or  where,  as  in  the  present  instance,  we  haTS  so 
evidence  to  shew  whether  consciousness  is  present  or  not  ?  In  treating  of  the  sensei 
we  called  attention  to  the  fact,  that  we  must  suppose  in  the  case,  for  instance,  c< 
vision,  the  visual  peripheral  organ  to  be  connected  with  a  visual  central  organ  in  soeh 
a  way  that  the  sensory  impulses  originating  in  the  former  become  modified  in  Um 
latter  before  they  affect  consciousness.  In  the  peripheral  organ  and  along  the  nerre  of 
sense,  the  affection  of  the  nervous  tissue  may  be  spoken  of  as  a  sensory  impolM;  tat 
after  the  affection  has  traversed  the  central  organ  and  become  modified  it  is  no  longer 
a  simple  sensory  impulse.  We  must  then  either  call  it  a  sensation  irrespeotiTe  of 
whether  any  change  of  consciousness  intervenes  or  no,  or  we  must  give  it  a  new  dsdm 
Not  wishing  to  introduce  a  new  name,  we  have  ventured  to  nse  the  word  'sensitiaii' 
in  a  sense  which  neither  affirms  nor  denies  the  coexistence  of  conscioosn^ss. 
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E inched  suggests  to  the  observer  the  existence  of  passion,  it  is  pro- 
able  that  this  is  a  wrong  interpretation  of  a  vocal  action;  the  cry 
i^pears  plaintive  simply  because,  in  consequence  of  the  complete- 
ness of  the  reflex  nervous  machinery  and  the  absence  of  the  usual 
restraints,  it  is  prolonged.  The  animal  is  able  to  execute  all  its  ordi- 
nary bodily  movements,  but  in  its  performances  nothing  is  ever  seen 
to  indicate  the  retention  of  an  educated  intelligence. 

These  phenomena  are  witnessed  in  some  mammals  at  least  not 
only  after  the  cerebral  convolutions  have  been  removed,  but  also 
when  the  corpora  striata  and  optic  thalami  are  taken  away  at  the 
same  time,  so  that  the  brain  is  reduced  to  the  corpora  quadrigemina 
and  cerebellum  with  the  cnira  cerebri  and  pons  Varolii.  In  re- 
moving the  corpora  striata,  however,  various  forced  movements,  of 
which  we  shall  speak  presently,  frequently  make  their  appearance, 
and  interfere  with  the  observation  of  the  phenomena  we  have  just 
described;  and  it  is  stated  by  some  observers  that,  even  when  these 
do  not  occur,  the  scope  of  the  various  movements  of  which  the  animal 
remains  capable  is  much  limited. 

Volpian  insists*  that  all  the  phenomena  above  described  may  be  ob^ 
served  in  the  total  absence  both  of  the  corpora  striata  and  optic  thalami, 
at  least  in  rodents.  Many  authors  however  state  that  dogs  differ  from 
rodents  inasmuch  as  in  dogs  lesions  of  the  corpora  striata  always  entail 
of  coordination. 


With  the  removal  of  that  part  of  the  brain  which  lies  between 
the  hemispheres  and  the  medulla  a  large  number  of  these  coordinate 
movements  disappear.  The  animal  can  no  longer  balance  itself, 
it  lies  helpless  on  its  side,  and  though  various  movements  of  a 
complex  character,  including  cries,  may  be  produced  by  appropriate 
stimuli,  they  are  much  more  limited  than  when  these  cerebral 
structures  are  intact. 

We  may  therefore  state  that  in  the  higher  animals,  including 
mammals,  as  in  the  frog,  the  body,  after  the  removal  of  the  cerebrfu 
hemispheres,  is  capable  of  executing  all  the  ordinary  movements 
which  the  animal  in  its  natural  life  is  wont  to  perform,  though 
these  movements  necessitate  the  cooperation  of  various  afferent 
impulses;  and  that  therefore  the  nervous  machineiy  for  the  execu- 
tion of  these  movements  lies  in  some  part  of  the  brain  other  than 
the  cerebral  hemispheres.  We  have  reasons  for  thinking  that  it  is 
situated  in  the  structures  forming  the  middle  or  hind  brain. 

Sec.  2.    The  Mechanisms  of  Coordinated  Movements. 

When  in  a  pigeon  one  of  the  horizontal  membranous  circular 
canals  of  the  internal  ear  is  cut  through,  the  bird  is  observed  to 
be  continually  moving  its  head  from  side  to  side.    If  one  of  the 

1  SyiU  Nerv.  Let;,  zxir. 
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vertical  canals  be  cut  through,  the  moyements  are  up  and  down. 
The  peculiar  moyements  are  not  ^witnessed  when  the  binl  is 
perfectly  quiet,  but  they  make  their  appearance  whenever  it  is 
disturbed,  and  attempts  in  any  way  to  stir.  When  one  side  only 
of  the  head  is  operated  on,  the  condition  after  a  while  passes  away. 
When  the  canals  of  both  sides  have  been  divided,  it  becomes  modi 
exaggerate!],  and  remains  permanently.  And  it  is  then  found  that 
these  peculiar  movements  of  the  head  are  associated  with  what 
appears  to  be  a  complete  want  of  coordination  of  all  bodily  mofe- 
inent^  If  the  bird  l^  thrown  into  the  air»  it  flutters  and  faUs  down 
in  a  helpless  and  confused  manner,  having  apparently  totally  lost  the 
power  of  onlerlv  flight  If  placed  in  a  balanced  position,  it  may 
remain  for  some  time  quiet,  generally  with  its  head  in  a  peculiar 
posture  ;  but  directly  it  is  disturbed,  the  movements  which  it  attempta 
to  execute  are  irregular  and  fall  short  of  their  purpose.  It  has 
groat  difficulty  in  picking  up  food  and  in  drinking ;  and  in  general 
its  Whaviour  very  much  resembles  that  of  a  person  who  is  exceed- 
ingly dizzv. 

It  con  hoar  perfectly  well,  and  therefore  the  symptoms  cannot 
K^  regarded  as  the  result  of  any  abnormal  auditory  sensations,  such 
as  *a  roaring*  in  the  ears.  Besides,  any  such  stimulation  of  the 
auditory  nerve  as  the  result  of  the  section,  would  speedily  die  away, 
owing  to  exhaustion  of  the  nerve,  whereas  these  phenomena  may  be 
(vnuauont. 

The  mv>voments  are  not  due  to  any  uncontrollable  impube; 
a  very  gentle  press>ure  of  the  hand  suffices  to  stop  the  movements 
of  the  head,  and  the  hand  in  doing  so  experiences  no  strain.  The 
assisiauvv  ot  a  very  slight  support  enables  movements  otherwise 
iiujvxsiiable  or  iuv>s;  difficult,  to  be  easily  executed.  Thus,  though 
when  loft  alouo  the  bird  has  great  difficulty  in  drinking  or  pic^ug 
up  cv^m.  if  i:s  Ivak  be  pIuiL^^si  into  water,  or  into  a  heap  of  barley, 
it  wiU  oonihiue  to  drink  or  e;u  with  ease;  the  slight  support  of  the 
water  and  o:  ::.e  cr,i:a  l^in^  s:;5:cient  to  steadv  its  movements.  In 
the  jiiiuio  way. ::  ixiii,  even  w::*aout  a»>:sxance.  clean  its  feathei^and 
!^*r:%tch  its  htavi.  i:s  ix.ik  azid  :\.vt  bt:-ing  in  these  operutions  guideJ 
bv  vvntAs::  ^.::.  ::s  own  b«;v. 

T.:o  *vu*v:oci*  r\i:'i:l«  thtcisel^ts  wi:bxtt  any  injary  to.  or  chaoge 
iv.,  tl*.o  vv:x'  .xl".u--u  oc  v  ui-er  :x»r:s  vf  li-  Ir^iii  i^tirL;;  uiscovenble. 


Tho  Census:  r.:.\:o  c:\xp'A:-:r^  :I:o  riecomena  is  to  suppose  that 
tV.o  Aur- -i*,  *.<  v.v.,^yc.  w-.:V  •.;:  i::-:v:  *.v-:aCv  sens&tions^  to  appreciate 
i\\<v,:,  V.  o:  ::s  ;vh  v,  *;.^ Jk.L     T"--:  as.v.  — psiziyixig  disorderly  tlight  may 


•  ''.*    »S\ 


:*\  \     AwL  *c  :vwAy  :\:nj:^r  suvtvise  tLa:  ;ie  sense  of  equilibrinni. 

*  ^'vl^:.  T^ijn^'*  ^"v'ltr.  =.  .1ST*,    p^  171. 
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whereby  the  position  of  the  head  is  recognised,  is  the  product  of 
afferent  impulses  originated  by  variations  of  pressure  in  the  am- 
puUsB  of  the  semicircular  canals,  and  conveyed  to  the  brain  by  the 
auditory  nerve,  but  not  giving  rise  to  auditory  sensationa  The 
three  semicircular  canals  are  in  planes  nearly  at  right  angles  to  one 
another ;  hence  in  any  given  position  of  the  head,  the  pressure  on 
the  different  ampuUsB  would  be  different,  and  in  any  movement 
of  the  head,  the  ampullae  would  be  differently  affected.  A  sonorous 
wave,  on  the  other  hand,  would  affect  all  the  ampullae  equally.  Our 
judgment  concerning  the  position  of  any  part  of  our  body  is  deter- 
mined in  part  by  the  muscular  sense,  by  sight,  touch,  and  by 
affections  of  general  sensibility ;  but  we  may  imagine  that  in  addi- 
tion to  these  we  are  continually  receiving  afferent  impulses  as  it 
were  of  a  new  sense,  from  the  semicircular  canals,  which  not  only 
determine  our  ideas  concerning  the  position  of  our  body,  but  also 
enter,  without  any  direct  effect  on  consciousness,  into,  and  form  a 
part  of — an  afferent  factor  of — the  coordinating  mechanism  of  our 
more  complex  bodily  movements.  There  are  many  ways  in  which 
we  could  tell  even  with  our  eyes  shut,  whether  we  were  standing 
on  our  heads  or  our  feet,  or  how  much  we  were  inclined  to  the 
horizon ;  but  these  means  would  fail  us  when,  placed  perfectly  flat 
and  quiet  on  a  horizontal  rotating  table,  with  the  eyes  shut,  and 
not  a  muscle  stirring,  we  attempted  to  ascertain  how  much  we  were 
turned  to  the  right  or  to  the  left.  Yet  according  to  Crum  Brown*, 
we  can  under  such  circumstances  pass  a  tolerably  successful  judg- 
ment as  to  the  angle  through  which  we  are  moved.  If  we  suppose 
that  the  movement  causes  pressure  on  the  ampullse,  we  may  out 
of  the  consequent  sensations  form  such  a  judgment 

When  a  person  imder  such  circumstances  is  I'otated  for  some  time, 
the  sense  of  rotation  ceasea  to  be  felt;  but  on  the  rotation  ceasing  a  sense 
of  being  rotated  in  the  opiTOsite  direction  is  set  up :  a  complementary  or 
inore  strictly  a  rebound  sensation  is  caused.  Regarding  the  sensation  an 
due  to  the  movement  of  the  fluid  in  the  canals,  Crum  Brown  supposes 
that  the  efiect  is  different  according  as  the  flow  is  from  the  ampulla  into 
the  canal,  or  from  the  canal  into  the  ampulla,  and  that  thus  we  are  ablo 
to  recognise  the  direction  of  the  rotation,  whether  positive  or  negative, 
gr.  to  the  right  or  to  the  left,  and  so  on.  Hence  the  existence  of 
ampullfB,  two  for  each  of  the  three  axes  of  rotation ;  and  Crum  Brown 
trts  that  in  man  and  all  animals  which  he  has  examined  the  two 
exterior  canals  of  the  two  ears  are  very  nearly  in  the  same  plane,  and  tht) 
superior  canal  of  one  ear  very  nearly  in  the  same  plane  as  the  posterior 
•anal  of  the  other. 

It  is  well  known  that  when  we  rotate  rapidly  with  the  eyes 
men  we  feel  dizzy.  But  no  vertigo  appears  when  we  are  rotated 
with  the  eyes  shut,  though  it  may  appear  the  moment  the  eyes  are 

>  Joum.  AnaU  Phyi,  1874,  p.  827;    see  also  Mach.  Lfhre  v.  d,  Devegungi-Empfind. 
187a  s  Broner,  Wien.  Med,  Jahrb,  1874,  p.  73;  187d,  p.  87. 
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opened.  Vertigo  in  this  case  seems  to  be  the  result  of  a  cimflici 
between  visual  sensations  and  the  sensations  arising  from  this 
peculiar  stimulation  of  the  auditory  nenre.  And  in  the  ao-cdiei 
Meniere's  disease,  vertigo  is  associated  with  disease  of  the  semi- 
circular canals,  or  at  least  of  the  internal  ear. 

A  difficaltv  is  presented  bv  the  fiict  that  the  canals  are  all  omtiniioiii; 
and  hence  if  the  effects  of  section  are  simp]  j  due  to  Ices  of  fiiud«  and  eon- 
seqnent  absence  of  variations  in  pressure,  the  section  of  one  cuaal  ongiit  to 
produce  the  same  effect  as  that  of  all  of  them;  bat  this  apparently  is  noC 
the  case. 

The  injury  which  causes  the  loss  of  coordination  need  not  be 
confined  to  the  peripheral  oigans  of  the  auditory  nerve.  Section  of 
the  auditory  trunk  produces  similar  effects  in  the  nmmnMJ  and  the 
frog. 

Whatever  be  the  explanation  of  the  exact  way  in  which  the 
semicircular  canals  exercise  this  influence,  it  is  dear  that  afferent 
impulses  of  some  sort  or  other  do  pass  into  the  brain  from 
these  organs,  and  take  a  part  in  the  development  of  the  co- 
ordinating mechanism  so  important  that  changes  in  these  im- 
pulses go  far  to  throw  the  whole  mechanism  into  disorder,  or 
at  least  to  impair  its  proper  working.  It  is  not  neoessaiy  that 
these  afferent  impulses  should  directly  affect  oonacioiisnesB  (or, 
to  speak  more  correctly,  should  affect  that  complete  consciousness 
which  is  associated  with  volition),  and  so  develope  into  distinct 
pencreptions.  We  have  seen  that  a  bird  from  which  the  oerebnd 
hoiuispher>3s  have  been  removed  is  perfectly  able  to  fly;  and 
that  therefore  the  coordinating  nervous  mechanism  necessazy 
lor  flight  is  situated  in  the  parts  of  the  brain  lying  behind  the 
cerebral  hemispheres^  We  have  also  dwelt  on  the  fact  that  all 
the  chief  coordinating  mechanisms  of  the  frog  lie  in  the  hind 
j>ans  of  the  brain :  yet  in  the  frr-g.  as  in  the  bird,  and  we  may 
adii,  as  in  the  iris:iir.^*ai.  :r^r.:ry  to  the  semicircular  canals  produces 
lv>ss  of  ocvrviiiiaticn  whvtLt r  the  hemispheres  be  present  or  no.  Now, 
wo  hiivo  Hv^  sat:>::io:ory  rej^sons  for  either  asserting  or  denying  that 
what  wo  o:\'l  o:::>c::'Usncss  exists  in  animals  deprived  of  their 
o^^rcbral  hoiv/.sphci^^  When  signs  ci  volition  are  present,  we  may 
s:i:c*.y  take  th^:^o  signs  as  in.iications  of  consciousness  also;  but  we 
rtT\^  r.o:  ju>: ISovi  in  ssvicg  that  all  o?nsciousness  is  absent  when 
SsUisiAo:^  rv  >:cti>  of  v:.::::n  are  wantini:.  We  cannot  form  anv  just 
judg^iior.:  0:1  li.o  r.;a: tor -with out  some  more  trustworthy  and  objec- 
V.xo  tokcr.s  of  vvv.sci.usnt^  thsn  'wre  at  present  possess.  But  what 
wo  r.;:^y  s:uV*»v  Ajsscn  is^  ti.At  the  coordinating  mechanism,  the 
n uv-TiOn  of  >»\.:v"h  is  s.^  striking  a  feature  of  an  animal  deprived 
X  f  \ts  A  :y1ta4  lu'r.:i>yr.cr-:s^  is  constracted  out  of  divers  afferent 
*.r.nv,ils\\<  xf  wuious  k:r..:>  Arririiig  at  the  coordinating  centre  from 
\.-*Ko;;s  JW1S  of  tho  Kv.y.  tr.it  in  fact  the  coordination  taking 
p'ij^^v  ;U  tlo  vW.t:v  is  ::,c  a^ijustnieiit  of  efferent  to  afferent  impulses 
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Many,  if  not  all,  of  these  afferent  impulses  are  such  that  in  the 
presence  of  consciousness  they  would  give  rise  to  sensations  and 
ideas;  but  we  have  no  reason  for  thinking  that  the  complete 
development  of  the  afferent  impulse  into  a  sensation  or  an  idea 
18  always  necessary  to  the  carrying  out  of  coordiuation.  We  may 
say  that  we  have  a  sense  of  equilibrium  by  means  of  the  semicircular 
canals,  and  when  that  sense  is  deranged,  we  feel  giddy  and  cannot 
stand.  We  have  no  reason,  however,  for  thinking  that  the  failure 
to  keep  upright  is  due  to  ihe  feeling  of  giddiness,  in  the  sense  of 
being  a  direct  result  of  the  condition  of  the  consciousness.  On  the 
oontrary,  since  the  peculiar  movements  characteristic  of  vertigo  may 
take  place  in  the  alienee  of  consciousness  without  the  vertigo  being 
actuidly  felt,  we  may  with  security  assert  that  the  failure  to  stand 
npright  and  the  feeUng  of  giddiness  are  both  concomitant  effects 
or  the  same  disarrangement  of  the  coordinating  mechanism. 

It  cannot.be  too  much  insisted  on  that  for  every  bodily  movement 
of  any  complexity  afferent  impulses  are  as  essential  as  the  executive 
efferent  impulses.  Our  movements,  as  we  have  already  urged,  are 
guided  not  only  by  the  muscular  sense,  but  also  by  contact  sensations, 
auditory  sensations,  visual  sensations,  and  visual  perceptions  (for  the 
xemarks  made  above  concerning  the  relations  t)f  the  coordinating 
mechanism  to  consciousness  do  not  exclude  the  possibility  of  conscious- 
ness affecting  the  mechanism) ;  and  when  we  say  *  they  are  guided,' 
we  mean  that  without  the  sensations  the  movements  become  impos- 
rible.  In  studying  vision  we  saw  repeatedly  that  the  movements  of 
the  eyes  were  directly  dependent  on  vision,  and  every  ball-room 
affords  abundant  evidence  of  the  ties  between  sensations  of  sound  and 
motions  of  the  limbs.  So  essential,  in  fact,  are  afferent  impulses  to 
the  development  of  complex  bodily  movements,  that  we  are  almost 
justified  in  considering  every  such  movement  in  the  light  of  a  reflex 
action  made  up  of  afferent  and  efferent  impulses  and  central  actions, 
and  set  going  by  the  influence  of  some  dominant  afferent  impulse, 
or  by  the  direct  action  of  the  will  on  the  centre  itself.  All  day  long 
and  every  day  multitudinous  afferent  impulses,  from  eye,  and  ear, 
and  skin,  and  muscle,  and  other  tissues  and  organs,  are  streaming 
into  our  nervous  system ;  and  did  each  afferent  impulse  issue  as  its 
correlative  efferent  motor  impulse,  our  life  would  be  a  prolonged  con- 
Tolsion.  As  it  is,  by  the  checks  and  counter-checks  of  cerebral  and 
iipinal  activities,  all  these  impulses  are  drilled  and  marshalled,  and 
kept  in  hand  in  orderly  array  till  a  movement  is  called  for ;  and  thus 
we  are  able  to  execute  at  will  the  more  complex  bodily  manoeuvres, 
knowing  only  why^  and  unconscious  or  but  dimly  conscious  how^  we 
carry  them  out. 

"We  have  ventured  to  use  the  phrase  *  coordinating  centre,'  but  it 
must  be  understood  that  we  have  no  right  to  attach  more  than  a 
general  meaning  to  the  words.  We  cannot,  at  present  at  least,  define 
such  a  centre  in  the  same  way  that  we  can  the  vaso-motor  or  respira- 
%oxj  centre.   When  the  optic  lobes  as  well  as  the  cerebral  hemispheres 

F.  P,  ^^ 
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are  removed  from  the  frog,  the  power  of  balancmg  itself  is  lost ;  irheii 
such  a  frog  is  thrown  off  its  balance  by  inclining  the  plane  on  which 
it  is  placed,  it  falls  down.  The  special  coordinating  mechanism  for 
balancing  must  therefore  in  this  animal  be  situated  in  the  opdc 
lobes :  but  after  removal  of  these  organs,  the  animal  is  still  capable 
of  a  great  variety  of  coordinate  movements;  unlike  a  frog  letaining 
its  spinal  cord  only,  it  can  swim  and  leap,  and  when  placed  on  its 
back  immediately  regains  the  normal  position.  The  cerebellum  of 
the  frog  is  so  small,  and  in  removing  it  ii\juiY  is  so  likely  to  be  done 
to  the  underlying  parts,  that  it  becomes  difficult  to  say  how  much  of 
the  coordination  apparent  in  a  frog  possessing  cerebellum  and  me- 
dulla is  to  be  attributed  to  the  former  or  to  the  latter;  probaUj, 
however,  the  part  played  by  the  former  is  smalL  In  the  mammal, 
as  we  have  stated,  removal  of  the  whole  middle  and  hind  brain  does 
away  with  the  most  marked  of  these  coordinating  mechanisms. 
Removal  of  the  pons  Varolii  alone  has  the  same  effect.  Injury  to, 
or  disease  of,  the  more  superficial  parts  of  the  oorpoia  quadrigeminft 
or  of  the  cerebellum,  does  not  appear  to  influence  the  movements 
of  the  body  at  large  to  any  striking  extent;  but  there  are  many 
pathological  cases,  as  well  as  experimental  observations,  tending  to 
ass<>ciate  the  coordinating  mechanisms  of  which  we  are  speaking  with 
the  deeper  parts  of  the  cerebellum.  It  would  be  hazardous,  m  the 
present  state  of  our  knowledge,  to  make  any  definite  statement  con- 
cerning the  share  taken  by  these  several  cerebral  structures  in  the 
^Tuious  coordinations. 


The  reisults  of  experiments  are  in  many  ways  oonfiicting,  but  still  more 
contlicung  and  still  less  trustworthy  are  the  results  of  pathological  ofaser 
vatious.  In  this  and  in  so  many  other  parts  of  physiology  the  so-cAlIed 
*exivriments  of  nature'  as  seen  at  the  bed-side,  are  extremely  nsefnl  in 
su)::i^^stiiig  and  correcting  experimental  inquiries ;  but  they  prove  broken 
ree^is  when  reliance  is  placed  on  them  alone.  There  is  hanUy  a  thesis  is 
cervbral  physiology,  in  respect  of  which  a  long  array  of  *  cases'  may  not 
W  quvtoil  strikiijgiy  supporting  the  views  enunciated,  and  a  long  amy  u 
llatly  ooutradiotii:g  them. 

Forced  Jforements. 

AV»  investigator?  who  have  performed  experiments  on  the  brain, 
h:no  v^ivior\\\i  ;\s  the  rtsult  of  injury  to  various  parts  of  it  remark- 
rtMo  vvmpu'sory  iiioveuients.  One  of  the  most  common  forms  is  that 
in  whioh  tlio  ;\n:n\;\:  rv-IIs  incessantly  round  the  longitudinal  axis 
of  i:^  owu  Kviy.  Ti.:>  is  especially  common  after  section  of  one  of 
tl.o  or;;r:\  ocrt'iri.  ::.;re  pinioularly  of  the  external  and  superior 
{vuts,  or  ;u\t  ;:n:lA:onJ  section  ot  the  pons  Varolii,  hut  has  also 
Kvu  \v;tius{ii\i  atUT  ::\iv.r>-  to  the  medulla  oblongata  and  corpora 
\ji;;uir:cx*m;u;u  Ss^:no:i'*uos  the  animal  rotates  towards  and  sometimefl 
,s\x\:,y  tivMv*  ii;o  >ivio  operated  on.  Another  form  is  that  in  which  the 
annual  cxivu:c$  *  circus  movement^'  l&  continually  moves  round  and 
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round  in  a  circle,  sometimes  towards  and  sometimes  away  from  the 
injured  side.  This  may  be  seen  after  several  of  the  above-mentioned 
operations,  but  is  perhaps  particularly  common  after  injuries  to  the 
corpora  striata  ana  optic  thalami.  There  is  a  variety  of  the  circus 
movement  said  to  occur  frequently  after  lesions  of  the  nates,  in  which 
the  animal  moves  in  a  circle,  with  the  longitudinal  axis  of  its  body  as 
a  radius,  and  the  end  of  its  tail  for  a  centre.  And  this  form  again 
may  easily  pass  into  a  simply  rolling  movement.  In  yet  another  form 
the  animal  rotates  over  the  transverse  axis  of  its  body,  tumbles  head 
over  heels  in  a  series  of  somersaults ;  or  it  may  run  incessantly  in  a 
straight  line  backwards  or  forwards  until  it  is  stopped  by  some 
obstacle.  These  latter  forms  of  forced  movements  are  frequently  seen 
after  injury  to  the  corpora  striata ;  and  Nothnagel  speaks  of  a  limited 
portion  of  the  grey  matter  of  the  corpus  striatum  as  the  nodxis  cur- 
9oriu8^  the  injection  of  chromic  acid  into  which  produces  in  the  rabbit 
the  straight-forward  running.  Lastly,  many,  if  not  all,  these  various 
forced  movements  may  result  from  injuries  which  appear  to  be 
limited  to  the  cerebral  hemispheres. 

Attempts  have  been  made  to  explain  the  rotatory  movements  by 
reference  to  unilateral  paralysis  or  to  spasm  of  various  muscles  of  the 
body  caused  by  the  cerebral  injury ;  and  in  the  case  of  the  *  circus  * 
movements  with  partial  hemiplegia,  which  follow  upon  injury  to  the 
corpora  striata  or  other  parts,  the  explanation  that  the  animal  in  pro- 
gressing forward  naturally  bears  on  its  paralysed  or  weak  side  seems  a 
valid  one ;  but  the  movements  may  frequently  be  witnessed  in  the 
complete  absence  of  either  paralysis  or  spasm,  and  cannot  there- 
fore be  always  so  explained.  On  the  other  hand,  if  the  views  urged 
{*ust  now  concerning  the  nature  of  the  coordinating  mechanisms  of  the 
>rain  are  true,  it  is  evident  that  they  afford  a  general  explanation  of 
the  phenomena,  though  our  present  knowledge  will  not  permit  us 
to  explain  the  genesis  of  each  particular  kind  of  movement.  Such 
ffross  injuries  as  are  involved  in  dividing  cerebral  structures  or  in 
injecting  corrosive  substances  into  the  midst  of  cerebral  organs, 
must  of  necessity,  either  by  irritation  or  otherwise,  seriously  affect 
the  transmission  not  only  of  afferent  impulses  in  their  cerebral  course, 
but  also  of  central  impulses,  inhibitory  and  the  like,  passing  from  one 
part  of  the  brain  to  another ;  and  must  therefore  seriously  affect  the 
due  working  of  the  general  coordinating  mechanisms.  The  fact  that 
an  animal  can,  at  any  moment,  by  an  effort  of  its  own  will,  rotate  on 
its  axis  or  run  straight  forwards,  shews  that  the  nervous  mechanism 
lor  the  execution  of  those  movements  is  ready  at  hand  in  the  brain, 
waiting  only  to  be  discharged ;  and  it  is  easy  to  conceive  how  such  a 
dischaige  might  be  affected  either  by  the  substitution  of  some  potent 
intrinsic  afferent  impulse  for  the  will  or  by  some  misdirection  of  the 
volitional  impulses.  Persons  who  have  experienced  similar  forced 
movements  as  the  result  of  disease  report  that  they  are  frequently  ac- 
companied, and  seem  to  be  caused,  by  disturbed  visual  or  other  sensa- 
tions ;  they  say  they  fall  forward  beotuse  the  ground  appears  to  sink 
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away  beneath  their  feet  Without  trusting  too  closely  to  the  bter- 
pretations  the  subjects  of  these  disorders  give  of  their  own  feeliogs, 
we  may  at  least  conclude  that  the  disorderly  moYcments  are  due  to  a 
disorder  of  the  coordinating  mechanism,  wluch  in  many  cases  i^  itself 
the  result  of  disordered  sensory  impulses,  and  not  to  any  paralytic  or 
other  failing  of  the  simple  muscubur  instruments  of  the  nervous  sys- 
tem. And  this  view  is  supported  by  the  fact  that  many  of  these 
forced  movements  are  accompanied  by  a  peculiar  and  wholly  abnonoal 
position  of  the  eyes,  which  alone  might  perhaps  explain  many  of  the 
phenomena. 

Sec.  3.    The  Functions  of  the  Cerebral  OoNYOLrnoxs. 

All  the  older  observers,  Flourens  and  others,  agreed  tiiat  when  the 
cerebral  hemispheres  were  gradually  removed,  piece  by  piece  or 
slice  by  slice,  no  obWous  effects  manifested  themselves,  either  in 
the  intelligence  or  volition  of  the  animal,  when  the  first  portions  only 
were  taken  away :  but  that,  as  the  removal  was  continued,  the 
animal  became  more  and  more  dull  and  stupid,  until  at  last  both 
intelligence  and  volition  seemed  to  be  entirelv  loet.  It  has  been 
frequently  observed  that  after  wounds  of  the  skull  large  portions  of 
the  brains  of  men  might  be  removed  without  any  marked  effect  on 
the  psychical  condition  of  the  patients.  The  brain  when  exposed 
was  found  not  to  be  sensitive ;  and  ordinary  stimuli  apjdied  to  the 
surface  of  the  convolutions  of  animals  failed  in  the  hands  of  most 
experimenters  to  produce  any  clearly  recognisable  effeck  Hence  it 
Kxxime  very  common  to  deny  the  existence  of  any  localization  of 
fiuiotious  in  the  convolutions  of  the  hemisphere,  and  to  speak  of  the 
brain  as  'acting  as  a  whole/  whatever  that  might  mean.  On  the 
other  hand,  there  was  clear  evidence  that  not  only  did  disease  of  the 
supertioial  grey  matter  of  the  hemispheres  cause  delirium,  as  in 
monin iritis,  but  sometimes  convulsions  either  of  an  epileptic  charac- 
ter or  Uv:\!izevl  to  pcurticular  groups  of  muscles*.  Hitzig  and  Friisch' 
Averv>  the  ili^:  to  shew  that  the  local  application  of  the  constant 
pilvi^uio  current  to  y<in:cular  o»>nvolutions  and  to  particular  parts  of 
v^\^:ivolu::ous  g*.\ve  n<<'  to  derinite  coordinate  movements  of  various 
inviuxs  v^*  ii.iisolosw  Thus  while  the  stimulation  of  one  spot  (Fig.  0<J) 
oai:>^\i  iuove:i:oii:s  in  the  Tiiu>oIes  ol  the  neck,  another  caused  ex- 
Tousi.ni  w::h  aviduc'.i.a  of  the  fore  leg.  a  third  movements  of  the  hinJ 
log,  a  fourth  :v.?vc:::eu:s  of  the  eve  and  other  parts  of  the  face.  In 
fiwu  :hoY  :uivi  Ferrior*.  who  using  chiefly  the  interrupted  or  faraJaic 
ourrx^ui.  rvvvatoi  :u..:  oxter. ievi  their  observations,  were  able  to  map 
ou:  ihiO  vviivo*.-.::: --^s  o:  the  :roi:t  and  middle  part  of  the  hemisphere  of 
the  viv\:  ^Fig.  01  .  ca:.  nioiLkrv  ^Figs.  Oi,  63^\  and  other  animals,  into 
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Fio.  60.    Thx  Abjub 


11)    A  The  Am*  far  Oa  utjudea  of  the  neck. 
<3>     -C       >•  I.        eitenibn  nnd  kddactioa  of  the  fore  limb. 

'  (8)     -•-       R  n        flezton  ftnd  lotaUon  of  the  fore  limb. 

W    #       -  .,        hindUmb. 

Banning  tnaivenelj  towards  and  •epuating  (I)  and  (3)  from  (1 


O.    Th«  Olfaeiorr  Lobe.       k.    The  Fusiire  of  B^lTias.        B.    The  Cmaial  Bnleiu. 

Fandaie  etimnlatioiii  of  the  areai  iitdiimted  bj  th«  MTeral  oirale*  piodaM  the 
following  reinlti. 
(1)     The  hind  leg  li  adraneed  at  in  walking. 
(S)i    lateral  or  wagging  motion  of  the  tail. 

ii\      Bettaotion  and  addootion  of  the  opposite  tore  limb. 
E)     Elaration  ol  the  ihonlder  of,  and  extension  forward*  of  the  oppotite  fore  limb. 
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CloBore  of  the  oppoaito  e;a  ewued  \fj  eombbied  action  of  tlia  (nUaoIar  and  ijgo- 

matie  miuclei. 
BetiBotioD  and  elevation  of  the  oppodta  angle  of  the  month. 
I   The  month  is  opened  and  the  tongne  moTed,  Batnetunea  barking  ia  prodneed. 
Retisctian  of  the  angle  of  the  month. 
Opening  of  the  e;e«  and  dilation  ol  tha  pupils ;  the  ejea  and  then  tha  head  tarn- 

ing  to  the  opposite  side. 
The  ejebolla  move  to  the  oppodta  aide. 
Priokiiig  or  Bnddeu  retraction  of  the  oppoiite  eai. 
Torsion  of  the  noattil  on  the  wuns  aide. 
Elevation  of  the  lip  anl  dilation  of  the  noitril  p). 


Fio.  63. 
Fioa.  62,  iSD  63.    Side  ijjn  npran  tiewh  or  thb  Blunt  of  Mim,  with  the  iiui 

OP  THa   CEBBBIUI.  CONVOLCIIONe,   ACCOKDIHO  TO  Fkbribb.     ' 

The  figum  art  eortttracted  bij  marking  on  tht  brain  of  man,  in  IheiT  reiptttivt  iihu- 
(ion<,  the  antu  of  the  brain  of  the  mMtke)/  at  drlenained  by  tiprriment,  and  thi  d/tcrif- 
tion  of  the  effeclt  of  itimulating  the  varioai  area*  reftri  to  the  brain  ol  the  monkej. 
(1)     (On  the  poatero-porietal  [anperior  parietal]  lobule).    Advance  of  the  oppooU 

liiQil  limb  B.S  iu  walking. 
(2),  (3),  (4)    (Around  the  upper  eitremit;  of  the  fiBsnie  of  Bolando).     Complex  men- 

menta  of  the  oppositu  leg  and  &rm,  and  of  the  trunk,  as  in  ewimming. 
(a),(b),  (c),  (<i).    (On  the  postero-parietal  [poetericor  ceutral]  eouvolntion).    bidiTidviJ 
and  combined  movements  of  tha  fingers  and  wriat  of  the  opposite  baoil 
Prehensile  movements. 
(S)    (At  the  posterior  eitreroity  of  the  snperior  frontal  oonvolation). 
ward  of  the  opposite  arm  and  hand. 

>  Coneeponding  to  (9)  and  (10)  in  the  monkey. 


Obat.  vt] 


Fra.  68. 

(fl)    (On  tbfl  upper  pftrt  of  the  an tero  ■parietal  or  Moendlog  frontal  [anterior  central] 

oanTolation).    Supination  and  fledon  of  the  oppoeite  forearm. 
(7)    (On  the  median  portion  of  the  asme  oonTolotion).     Betraction  and  elevation  o[ 

the  opposite  angle  of  the  month  b;  meaaa  of  the  zj'gomatic  mnacles. 
(B)    (Lover  dawn  on  the  same  convolntion).     Elevation  ol  Uie  ata  nasi  aud  upper  lip 

with  depreeiioti  ol  the  lower  lip,  on  the  oppoiite  side. 
(9),  (10)    (At  the  inferior  eitremity  ol  the  aame  ooDTolotion,  Brooa'e  eonvolation). 

Opening  ot  the  month  with  (9)  protnuion  and  (10)  retraction  of  the  tongas 

JUgion  of  Aphaita.    BilatenU  acHim. 
(11)    (Between  (10)  and  the  inferior  eitremity  of  the  poetero-parietal  oonTolntion). 

Betraotfon  of  the  oppoiita  angle  of  the  month,  the  head  tnmad  aligbtl;  to  one 

■Ide. 
(19)    (On  the  potterior  portion!  of  the  Bopeiior  and  middle  frontal  oonvolntiona).    The 

efei  open  widely,  the  pnpila  dilute,  and  the  head  and  eyea  tnni  towarda  the 

oppoaite  aide. 
<U),  (IS*]    (On  the  anprft-inaiginal  lobnle  and  angalar  gfnu).    The  eyea  move  towarda 

the  oppoalte  tide  with  'an  upward  (13)  or  downward  (13']  deviation.    The 

pnpila  ganerallj  oontraeted.    (Centre  of  viaion. ) 
(14)     (On   the  infra- marginal  or  anperior  [flratj  temporo-iphenoida]   convolntion). 

Pricking  ot  the  oppoeite  ear,  the  bead  and  bjm  turn  to  the  opposite  aide^ 

and  the  pnpila  dilate  largely.     (Centre  of  hearing.) 
'     Feirim  moreover  places  the  oentres  of  taste  and  nnell  at  the  extremity  of  the 
famporo-aphenoidal  lobe,  and  that  of  toooh  in  the  syraa  unoinatni  and  hippooampu 
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a  Dumber  of  precisely  limited  areas,  the  stimalation  of  each  irea 
producing  a  distinct  and  limited  movement,  while  stimulation  of  a 
large  surface  produced  general  convulsions.  The  movements  were 
so  precise  that  they  answered  each  to  the  spot  stimulated  ahnost 
as  completely  as  a  note  answers  to  a  key  struck  on  the  piana 

A  relationship  has  also  been  observed  between  the  hndn  sorfiioeaiid  the 
secretion  of  saliva,  the  beat  of  the  heart,  the  condition  of  the  papil,  tlie 
action  of  vaso-motor  nerves,  and  other  organic  functions.     Eulenboig  and 
Landois*  find  that  extirpation  of  the  motor  areas  for  the  extremities  cuaes 
a  rise  of  temperature  (lasting  in  some  cases  for  months)  in  the  cotrespon^iig 
limbs;   and   Hitzig   had   previously  observed  the  same  thing.     Balo^' 
describes  in  the  dog  and  rabbit,  areas  in  the  cerebral  snrfiKe  stimulation  cf 
which  causes  acceleration  of  the  heart's  beat,  and  other  areas  stimulation  of 
which  slows  the  heart.     Bochefontaine'  observed  that  stimulation  of  the 
cerebral  surface  in  the  neighbouihood  of  the  crucial  sulcus  produced  a  ne 
of  arterial  pressure  with  alternating  acceleration  and  retudatkm  of  the 
hearths  beat.     Among  other  results  of  stimulating  the  same  and  other 
regions  of  the  sur£ice  he  witnessed  increased  flow  of  saliva,  contraction  of 
the  spleen,  bladder,  uterus,  Jbc,  and  dilation  of  the  pupil;  the  last  effect 
might  follow  upon  stimulation  of  almost  any  point  of  the  oeiehral  sorfKe: 
But  on  these  ix>ints  the  results  of  various  observers  are  by  no  meant 
constant*.     H:»morrhage  into  the  lung  has  been  observed  in  the  rabbit  to 
follow  upon  stimulation  of  the  oerebnd  sui^ice*. 

These  experiments  leave  no  doubt  that  there  is  a  connection 
between  galvanic  stimulation  of  the  brain  surSaoe  and  bodily  more- 
uients :  but  the  exact  nature  of  this  connection  is  at  present  voy 
obscure.  One  thins:  niav  be  at  least  affirmed,  that  these  cerebral 
spots  are  not  motor  centres  in  the  sense  that  the  coordination  of 
the  movements  takes  place  in  them ;  for  we  have  seen  that  the  most 
ivmplote  coorviination  obtains  in  the  total  al»ence  of  the  cerebral 
hemispheres.  If  there  is  any  real  connection  between  the  movements 
and  the  grey  matter  of  the  convolutions,  it  must  be  because  the 
latter  hiv?  direct  rv>!a::oris  with  the  coordinating  mechanisms  placed 
lower  dv^wn  in  the  brain. 


I:  seems  ci  pri^-n  unlikely  that  such  valuable  material  as  we  must  needs 
supivxse  the  grey  matter  of  the  convolutions  to  be,  should  be  taken  up  in 
suoh.  so  TO  speak,  menial  work  as  bending  or  straightening  a  limb;  and  die 
results  of  subse^iiient  observers  have  Largely  diminished  the  value  vhidi 
\«-as  at  tirsr  attache^.!  to  Hi:z:^*s  observations;.  Not  only  do  the  phenomeoi 
vvutinue  when  the  animal  is  under  opium  and  ddoroform,  proridedthat 
the  aiia?sthosia  is  no;  coo  profoimiL  and  not  only  do  they  require  for  their 
doveIopmt?nt  currents  of  a  ctmsiderable  strength,  mechanical  and  chenucal 

»  V:tvhow*5  J-%sr,  fS   If??  .  p  245. 

*  llx*fi».i*u:i  stn.i  Srhw^Lb^'*  F-r^cht^  1S7S,  pc  Si^ 

*  -4  n.*^  !!•<!*  .5.'  i*%^«W.  i:i.  ^1^7o'  p.  1-R\ 

A  l^'wu-S^v^uArd,  ^•v.usvy  de  Fk^s,  n.  (1575)  p.  SSi.    Eckharl,  Batr&^t,  tzl 
ilST?*'  l*K*. 

*  Noihni^l,  i'}:.  ^id.  Wia.  IST^.  p.  309. 
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atimulation  being  unable  to  produce  them^  but  the  results  of  stimulation 
aro  tbe  same,  when  the  surface  of  the  convolution  operated  on  is  highly 
oongested,  and  even  when  it  has  become  completely  dried  up,  or  after 
it  has  been  washed  with  strong  nitric  acid.  The  results,  moreover,  re- 
main unchanged  when  the  area  experimented  upon  is  isolated  from  the 
surrounding  grey  matter,  by  plunging  a  cork-borer  for  some  distance  into 
the  brain  round  it;  and  even  when  the  brain  substance  is  removed  to  some 
depth  down  by  means  of  the  cork-borer,  and  the  electrodes  plunged  into 
the  blood  which  fills  up  the  vacant  cylindrical  hole\  They  remain  the 
same  when  the  8urfjBu;e  stimulated  is  disconnected  physiologically  though 
not  physically  from  the  deeper  parts,  by  a  horizontal  incision  carried 
some  little  distance  from  the  surface'.  And  though  the  area,  stimulation 
of  which  gives  rise  to  a  definite  movement,  is  always  limited,  yet  it  is 
not  constant  in  different  individuals,  and  frequently  a  large  and  deep 
•qIcus  may  be  seen  running  through  its  very  midst*.  All  these  facts 
suggest  that  the  results  are  due  to  the  escape  of  the  current  from  the  surface 
to  which  the  electrodes  are  applied  to  deeper  imderlying  portions  of  the 
bndn,  the  escape  taking  place  along  definite  lines  determined  by  the  eleo* 
trical  conductivity  of  the  brain  substance.  And  Burden  Sanderson^  states 
that  local  stimulation  of  the  white  matter  immediately  surroimding  a 
oorpos  striatum  produces  localized  movements  quite  similar  to  those  caused 
by  stimulation  of  the  corresponding  cerebral  surface ;  from  which  it  may 
be  inferred  that  when  the  surfisice  appears  to  be  stimulated,  it  is  really 
the  corpus  striatum  which  is  affected  physiologically  by  the  stimulus. 
Albertoni  and  Michieli*  however  found  that  several  weeks  after  the 
removal  of  an  area  stimulation  of  the  scar  or  its  immediate  neighbour^ 
hood  no  longer  produces  the  particular  movements  characteristic  of  the 
srea.  Unless  it  can  be  shewn  that  the  injury  in  such  cases  produces 
marked  changes  in  the  electrical  conductivity  of  the  brain  substance,  this 
-observation  may  be  taken  as  indicating  that  the  fibres  passing  downwards 
from  the  area  to  deeper  parts  of  the  brain,  have  through  degeneration 
become  incapable  of  conveying  the  impulses  set  going  by  the  application  of 
the  current  to  the  brain  surface ;  that  the  connection  between  the  area  and 
the  deeper  parts  is  not  a  physical  one,  depending  on  the  escape  of  the 
current,  but  a  physiological  one,  dependent  on  the  existence  of  fibres  passing 
from  the  area  to  some  more  central  mechanism  and  capable  of  producing 
their  special  effects  when  stimulated  in  any  part  of  their  course. 

At  all  events,  these  various  experiments  shew  very  cleariy  that  the 
£Mrt  of  certain  movements  following  upon  stimulation  of  certain  areas,  is 
no  proof  that  those  areas  are  to  be  considered  as  motor  centres.  They  are 
not  fundamentally  inconsistent  with  the  hypothesis  that  such  centres 
•xist;  for  the  fibres  proceeding  from  the  centres  to  the  corpus  striatum 
or  to  other  organs,  might,  when  artificially  stimulated,  produce  the  same 
effect  as  when  they  were  the  channels  of  impulses  originating  in  the  centres 
in  a  normal  manner,  just  as  cardiac  inhibition  may  be  brought  about  by 
artificial  stimulation  of  the  vagus,  though  in  ordinary  life  it  occurs  through 

1  Hermann,  Pflfig6r'8ilrcAtv,x.  (1875)  77.  Braan,Eokhard*8^tft'(r49«,Tn.  (1874)  127. 

*  Bardon  Sanderson,  Proe,  Roy.  Soc,  xxn.  (1875)  868. 

*  Hennann,  op,  cit.  *  Op.  eit, 

*  Hofmann  and  Sohwalbe's  Berieht^  1876^  p.  80. 
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the  activity  of  the  medulUuy  oardio-mhihitoiy  centre.     They  are  not  in- 
consistent with  the  hypothesis,  hut  they  afford  it  very  little  support 

On  the  other  hand,  if  these  circumscribed  areas  of  superficial  grey  matter 
were,  as  they  have  by  some  been  supposed  to  be,  motor  centres  in  the 
sense  of  being  necessary  for  the  initiation  of  voluntaiy  xnoTementa  cone- 
sponding  to  those  produced  by  artificial  stimulation,  particular  sets  of  volim- 
tary  movements  ought  to  disappear  when  the  particular  areas  are  removed 
by  incision,  or  rendered  functionally  incapable  by  chromic  add  injection 
or  otherwise. 

On  this  point  however  the  various  observers  disagree.  Ferrier*  statei 
that  removal  of  the  convolution  or  area  stimulation  of  which  according 
to  him  causes  movements  of  the  eyeballs  and  a  turning  of  the  head,  bringi 
about  total  blindness  of  the  opposite  eye ;  and  he  is  accordingly  led  to  the 
conclusion  that  the  area  in  question  is  '  a  sensory  centre,'  a  '  visual  centre^' 
and  that  the  movements  following  upon  stimulation  of  it  are  simply  the 
results  of  an  excitation  of  visual  sensations.  He  similarly  finds  an 
'  auditory  centre,'  the  removal  of  which  causes  deafness,  a  '  tactile  centre,' 
and  centres  for  taste  and  smeU.  Other  areas  he  regards  as  'motor' 
centres,  and  states  that  their  removal  produces  localized  paralysis  without 
impairment  either  of  general  sensation  or  of  any  of  the  special  senaei 
Hitzig  on  the  other  hand  is  inclined  to  interpret  the  imperfect  movementi 
which  make  their  appearance  as  due  to  a  loss  of  muscular  sense  or 
'muscular  consciousness;'  and  Nothnagel',  who  injected  minute  quan- 
tities of  chromic  acid  into  limited  areas  of  the  cerebral  surface,  obsmred 
motorial  anomalies,  which  he  also  was  inclined  to  regard  as  due  to  a  los 
or  impairment  of  the  muscular  sense.  Nothnagel  however  made  the 
important  observation  that  the  symptoms  after  a  while  disappeared;  and 
in  this  he  has  been  corroborated  by  subsequent  observera  Ferrier  appetn 
to  have  kept  his  animals  alive  for  a  few  days  only  at  the  utmost,  and  to 
have  ceased  his  observations  before  any  such  recovery  had  taken  place. 
Hermann'  removed  from  dogs  cerebral  areas,  stimulation  of  which  gavB 
localized  movements,  and  found  that  the  paralysis  and  loss  of  eensa- 
tion  which  immediately  followed  the  operation,  after  some  days  whoUj 
disappeared.  Carville  and  Duret^  obtained  the  same  results,  and  they  shewed 
that  the  restitution  of  jwwer  could  not  be  due  to  a  vicarious  action  of  the 
same  centre  of  the  other  hemisphere,  since  after  recovery  from  a  lef^sided 
paralysis  due  to  an  operation  on  the  right  hemisphere,  subseqaeot 
operation  on  the  same  centre  of  the  left  hemisphere  produced  the  usual 
effect  on  the  right  side,  but  did  not  cause  a  return  of  the  panilpii 
on  the  left  side.  They  could  only  reconcile  their  results  with  die 
'motor  centre'  theory  by  sui)posing  that  when  a  centre  was  destrojed, 
other  iK)rtions  of  the  same  hemisphere  took  up  its  functions.  But  the  meet 
serious  objections  to  the  theory  of  superficial  cerebral  centres  in  any  of  the 
forms  in  which  it  has  as  yet  been  brought  forward,  ai-e  furnished  by  the 
recent  observations  by  Goltz*  on  dogs.  He  removed  parts  of  the  cere- 
bi*al  surface  by  washing  the  nervous  substance  away  with  a  stream  of 
water,  a  method  which  has  the  advantage  of  causing  coni[)aratively  little 
bleeding,  and  afibrdiiig  considerable   lo<mlization  of  the  injury;   and  he 

1  0/).  ciU  >  Virchow'8  Archiv,  Bd.  67  (1873),  p.  184. 

3  Op.  cit.  *  Archives  de  Phy$ioL  u,  (1875)  p.  »5i 

«  muger's  Archii\  xui.  (1876)  p.  1,  xiv.  (1877)  p.  412. 


Chap,  vi.]  THE  BRAIN.  507 

found  that  the  operation  was  followed  at  first  by  diminished  sensation  and 
▼oluntary  power  on  the  opposite  side  of  the  body ;  imperfect  sight  or  even 
blindness  of  one  eye  being  also  a  constant  result.  Flourens  and  other 
inquirers  had  previously  observed  a  special  connection  between  sight 
and  the  cerebral  convolutions.  These  effects,  however,  were  temporary  only, 
and  eventually  the  animal  appeared  to  recover  completely ;  so  much  so  that 
upon  a  hasty  examination  the  animal  seemed  perfectly  normal.  Qoltz  insists 
most  strongly  that  both  the  paralysis  of  voluntary  movement  and  the  dimi- 
nution of  cutaneous  sensibility,  as  well  as  the  imperfection  of  sight,  occurred 
ujhaUver  part  of  the  brain  voere  removed.  They  were  witnessed  when  por- 
tions of  the  posterior  lobe,  which,  according  to  Hitzig  and  Ferrier,  contains 
no  motor  centres,  were  removed;  the  partial  blindness  came  on  whether 
Ferrier's  visual  centre  were  taken  away  or  not.  Both  the  amount  of 
mischief  done,  and  the  speed  and  completeness  with  which  recovery  took 
place,  depended  not  on  the  locality  operated  on,  but,  as  older  observers 
Ibund,  on  the  quantity  of  brain  substance  removed.  After  recovery  from 
one  operation,  a  second  removal  of  brain  substance  reproduced  the  same 
phenomena  as  the  previous  one ;  and,  though  at  first  sight  this  might  be 
taken  as  supporting  Carville  and  Duret's  Uieory  of  a  vicarious  action  of 
other  parts  of  the  same  hemisphere,  the  impossibility  of  such  a  view  is 
proved  by  the  fact  that  Goltz  was  able  to  remove  the  greater  part  of  the 
grey  matter  of  one  hemisphere,  and  yet  recovery,  except  in  the  points  to  be 
mentioned  directly,  eventually  took  place.  Goltz  argues  that  all  the  tem- 
porary phenomena  are  due  to  the  superficial  lesions  exercising  inhibitory 
influences  on  the  parts  of  the  brain  lying  between  the  cerebral  convolutions 
and  the  spinal  cord.  He  very  aptly  compares  the  paralysis  caused  by 
operations  on  the  surface  of  the  cerebrum  to  the  paralysis  of  the  lumbajf 
^linal  centres  which  results  from  and  lasts  some  time  aiter  division  of  the 
Bpinal  cord  in  the  dorsal  region.  When  the  injury  had  been  extensive  the 
recovery  was  very  slow,  and  was  obviously  hastened  by  educational  exer- 
die.  The  dog  gradually  learnt  to  regain  the  power  of  which  the  operation 
lor  a  time  had  deprived  him.  Nevertheless,  in  spite  of  apparently  complete 
recovery,  careful  observation  shewed  that  for  weeks  after  a  considerable 
portion  of  the  cerebral  surface  had  been  removed,  certain  things  remained 
permanently  lacking.  The  sight  was  always  impaired  in  such  a  way  that, 
though  the  animal  could  see  sufficiently  to  guide  his  movements,  distinct 
scenes  ceased  to  have  any  effect  on  him.  A  dog  which  before  the  operation 
became  violently  excited  when  the  laboratory  servant  dressed  in  a  fantastic 
garb  was  presented  to  him,  was  not  in  the  least  affected  by  the  same  after 
the  operation,  at  a  time  when  he  seemed  otherwise  to  have  completely 
recovered.      He  had,  we  might  almost  say,  visual  sensations,  but  visual 

Eceptions  were  either  absent  or  very  dim.  Again,  a  dog  which  had 
n  trained  to  give  his  left  paw  into  his  master's  hand,  never  regained  the 
power  to  do  this  after  portions  of  the  right  hemisphere  had  been  re- 
moved; when  asked,  he  gave  the  right  paw,  and  when  the  lefo  was  insisted 
on  he  crossed  over  the  right  paw  to  the  left  side.  He  knew  what  was 
wanted,  but  there  was  a  break  in  the  nervous  machinery  connecting  the 
intellectual  volition  with  the  coordinate  motor  impulses  necessary  for  raising 
the  left  paw.  He  could,  however,  lift  the  left  paw  for  the  purpose  of 
walking,  when  the  same  or  very  similar  impulses  were  set  going  from 
another  quarter.     It  should  be  added,  however,  that  in  cases  where  a  small 
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amount  of  the  cerebral  substance  had  been  removed,  tiiis  power  of  'giving 
the  paw'  was  regained;  and  it  is  of  course  possible  that  in  all  cases,  the 
restitution  both  of  movements  and  of  sight  would  in  the  end  have  beoome 
complete  if  the  animals  had  lived  for  months  instead  of  weeks  after  the 
operation. 

Besides  the  experimental  evidence  just  discussed  we  have  also 
striking  pathological  proof  of  the  connection  of  certain  movemeDts 
with  a  particular  convolution.  The  condition  known  as  aphasii, 
using  that  word  in  its  general  sense,  including  its  several  varieties, 
as  meaning  the  loss  of  articulate  speech,  is  so  often  associated  with 
disease  of  the  posterior  portion  of  the  third  frontal  convolution 
Fig.  62  (9)  (10),  that  it  becomes  impossible  not  to  admit  that  there 
must  be  some  causal  connection  between  this  part  of  the  brain  and 
speech.  In  the  vast  majority  of  cases  the  disease  is  on  the  left 
side  of  the  brain  and  occurs  in  company  with  right  hemipl^ia,  bat 
cases  have  been  recorded  where  the  right  side  of  the  brain  ?ras 
affected. 

Seeing  that  articulate  speech  is  a  thing  learned  by  use,  it  has  been 
suggested  that  in  most  persons  one  side  of  the  brain  only  has  been  educated 
for  this  purpose,  and  hence  that  one  side  only  of  the  brain  ia  emplojed; 
that  we  are  in  fact  left-brained  in  respect  to  speech  in  the  same  waj 
that  we  are  right-handed  in  respect  to  many  bodily  movements;  and  tha 
view  is  apparently  supported  by  the  fact  that  the  left  side  of  the  brain  ii 
on  the  whole  larger  and  more  convoluted  than  the  right  side^;  but  the 
question  of  the  dual  action  of  the  two  cerebral  hemispheres  is  too  daik  a 
subject  to  enter  into  here. 

It  is  obvious  that  loss  of  speech  may  arise  from  a  variety  of  catueii 
It  may  be  due  to  simple  paralysis  of  the  hypoglossal,  and  other  nerrei 
concerned  in  speech.  It  may  be  occasioned  by  an  imperfection  in  the 
coordinating  mechanism  by  which  the  efferent  impulses  are  marshalled 
just  previous  to  their  exit  from  the  central  nervous  system.  Or  it  may 
be  caused  by  a  break  in  the  nei*vous  chain  connecting  the  idea  of  the  woni 
with  this  coordinated  motor  mechanism  of  expression.  Lastly,  the  fiialt 
may  lie  in  the  generation  of  the  idea  itself.  It  is  the  two  latter  forms  of 
aphasia  which  appear  to  be  connected  with  the  cerebral  convolution  spoken 
of  above.  The  cases  are  strikingly  parallel  to  that  of  the  dog  jort 
mentioned. 

^  This  Rtatement  by  Gratiolet  has  however  been  opposed  by  Ecker  and  others;  Imft 
cf.  Boyd  {PhiL  Tram.  1B61,  p.  261). 
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Sec.  4.    The  Functions  op  othek  Parts  op  the  Brain. 

Although  much  has  been  written,  and  many  experiments  per- 
formed, in  reference  to  the  various  parts  of  the  brain,  the  views  which 
have  thereby  been  worked  out  are  for  the  most  part  neither  satis- 
factory nor  consistent ;  indeed,  the  proper  method  to  study  the  brain 
is  probably  to  trace  out  a  cerebral  operation  along  its  chain  of  events 
rather  than  to  seek  to  attach  readily  definable  functions  to  the 
cerebral  anatomical  components. 

A  fundamental  difficulty  meets  us  at  the  threshold  of  every  inquiry 
into  the  particular  function  of  any  part  of  the  brain.  When  an  organ, 
sach  for  instance  as  the  corpus  striatum,  is  removed  by  the  knife,  or 
placed  hion  de  eombcU,  or  thrown  into  an  abnormal  condition,  by  the 
iDJection  of  corrosive  fluids,  or  by  a  hiemorrhage,  or  by  other  patho- 
logical changes,  we  have  no  right  to  infer  that  the  negative  phenomena, 
loss  of  volition,  loss  of  sensation,  <&c.,  which  make  their  appearance,  prove 
that  in  its  normal  condition  the  organ  in  question  is  a  seat  or  a  main 
tract  of  volition,  of  sensation,  &c.  This  may  be  the  explanation  of  the 
ctsperiment  or  malady;  but  it  may  not.  Whatever  may  pix)ve  in  the  end 
to  be  the  nature  of  nervous  inhibition,  it  is  clear  that  inhibitory  actions  are 
important  £Eu^rs  in  the  pnxluction  of  nervous  phenomena;  they  are  so 
prominent  in  the  spinal  cord,  that  we  may  be  sure  they  play  a  distinguished 
part  in  cerebral  operations.  But  if  this  be  so,  the  removal  of  an  organ 
may,  by  the  withdrawal  of  an  accustomed  check,  put  an  end  to  the  work- 
ing of  a  machinery,  with  which  it  is  otherwise  only  indirectly  connected ; 
and,  convei*sely,  unusual  inhibitory  impulses  or  inhibitory  impulses  of 
imosoal  intensity,  started  in  an  organ  by  the  presence  of  a  blood-clot,  or  by. 
other  pathologi(»d  changes,  may  be  sufficient  to  stop  the  progress  of  events 
in  some  quite  distant  parts  of  the  brain.  W^e  have  already  referred  to 
Goltz's  explanation  of  the  temporary  paralysis  resulting  from  injuries  to  the 
cerebral  surface,  that  it  was  due  not  to  the  mere  loss  of  the  piece  of  brain 
taken  away,  but  to  the  fact  of  the  removal  acting  in  some  way  or  other  on 
the  rest  of  the  nervous  system,  in  a  manner  which  we  cannot  at  present  define 
more  closely  than  by  calling  it  inhibitory.  In  the  case  of  the  dog  (p.  328) 
irhose  dorsal  cord  was  divided,  pinching  the  skin  of  the  leg  or  lower  part  of 
the  body  inhibited  the  reflex  act  of  micturition.  There  can  be  no  doubt 
that  if  amputation  of  the  leg  were  performed  on  such  a  dog,  micturition 
irould  become  impossible  for  several  days  at  least.  In  such  an  instanee 
there  would  be  no  difficulty  in  distinguishing  between  4o88  of  micturition' 
due  to  destruction  of  the  lumbar  cord  and  that  due  to  amputation  of  the 
1^;  but  the  difficulties  of  cerebral  physiology  are  such  that  we  might  be 
led  in  speaking  of  the  brain  to  make  a  statement  which  would  have  a 
parallel  in  the  assertion  that  the  leg  was  'the  seat  of  reflex  micturition.' 
I>ifficultie8  such  as  these  are  far  more  likely  to  occur  in  cases  of  disease 
t)ian  in  those  of  operative  interference;  and  it  is  this  which  renders 
catttion  so  necessary  in  the  physiological  handling  of  clinical  facts.  For 
initanbe,  because  right  hemiplegia  has  been  at  times  observed  in  cases 
of  disease  apparently  limited  to  the  right  corpus  striatum,  it  does  not  follow 
that  the  generally  admitted  connection,  of  which  we  shall  speak  directly, 
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between  each  corpus  striatum  and  the  opposite  side  of  the  body,  is  un- 
founded*. 

Wc  may  therefore  be  permitted  to  summarise  very  briefly  what  is 
actually  known. 

Corpora  Striata,  and  Optic  Thalami. 

The  preceding  discussions  enable  us  to  lay  down  two  broad  pro- 
positions: (1)  The  functions  of  the  cerebral  convolutions  are  enunently 
psychical  in  nature ;  these  parts  of  the  brain  intervene,  and  as  far  as 
we  can  judge,  intervene  onlv,  in  the  operations  of  the  nervous 
system  as  intellectual  and  volitional  factors.  (2)  The  hinder  parts 
of  the  brain,  viz.  the  corpora  quadrigemina,  crura  cerebri,  pons 
Varolii,  cerebellum,  and  medulla  oblongata,  are  capable  by  them- 
selves of  carrying  into  execution  complex  movements,  the  coordiDa- 
tion  of  which  implies  very  considerable  elaboration  of  afferent 
impulses ;  they  can  do  this  even  in  the  case  of  such  mammals  as 
the  rabbit  and  the  rat,  in  the  total  absence  of  the  cerebral  hemi- 
spheres, corpora  striata,  and  optic  thalami  These  two  latter  bodies, 
often  spoken  of  as  'the  basal  ganglia/  are  undoubtedly  the  great 
means  of  communication  between  the  cerebral  hemispheres  on  the 
one  hand  and  the  crura  cerebri  on  the  other.  Though  some  fibres* 
do  pass  from  the  crura  by  or  through  the  ganglia  to  the  cerebral  convo- 
lutions without  being  connected  with  the  nerve-cells  of  those  ganglia^ 
the  great  mass  of  the  peduncular  fibres  are  probably  connected  with 
the  superficial  grey  matter  of  the  hemispheres  in  an  indirect  manner 
only,  the  lower  or  anterior  fibres  (crnista)  passing  first  into  the 
corpora  striata,  and  the  upper  or  posterior  fibres  {tegmentum)  into 
the  optic  thalami.  This  anatomical  disposition  would  lead  us  to 
suppose  that  these  bodies  have  important  functions  in  mediating 
between  the  psychical  operations  of  the  cerebral  convolutions  on 
the  one  hand,  and  the  sensori-motor  machinery  of  the  middle  and 
hind  brain  on  the  other;  and  the  separate  courses  taken  by  the 
peduncular  fibres  would  further  lead  us  to  expect  that  the  functions 
of  the  corpora  striata  differ  fundamentally  from  those  of  the  optic 
thalami. 

When  in  the  human  subject  a  lesion  occurs  involving  both 
these  bodies,  on  one  side  of  the  brain,  the  result  is  a  loss  of  sensa- 
tion in,  and  voluntary  power  over,  the  opposite  side  of  the  body 
and  face,  a  so-called  hemiplegia,  which  may  be  absolutely  com- 
plete without  any  impairment  whatever  of  the  intellectual  faculties^ 
The  will  and  the  power  to  receive  impressions  are  present  in  their 
entirety,  but  neither  efferent  nor  afferent  impulses  can  make 
their  way  to  or  from  the  peripheral  organs  and  the  cerebral  con- 
volutions.    The  injury  to   the   basal  ganglia  blocks  the  way.    In 

1  Cf.  Brown-S^quard,  Archives  de  PhyiioL  T?.  (1877)  p.  409  et  seq. 
s  Qoain^s  Anatomy ,  8th  ed.  u.  555« 
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the  great  majority  of  cases-,  the  anaesthesia  (or  loss  of  sensation)  and 
akinesia  (or  loss  of  movement)  are  absolutely  confined  to  the  opposite 
aide  of  the  body ;  and  the  cases  in  which  a  lesion  of  the  basal  ganglia 
of  one  side  of  the  brain  affects  the  same  side  of  the  body  or  l^th 
sides,  must  be  regarded  as  exceptional,  and  explicable  as  the  results 
of  the  action  of  one  side  of  the  brain  on  the  other  side  of  the  brain 
or  at  least  of  some  part  of  the  nervous  system.  The  results  of  ex- 
periments on  animals  agree  entirely  with  the  general  experience 
of  pathologists,  that  lesions  of  the  corpora  striata  and  optic  thalami 
produce  their  effect  on  the  opposite  side  of  the  body.  Whatever  be 
the  view  taken  concerning  the  decussation  of  sensory  and  motor 
impulses  in  the  spinal  cord,  it  must  be  admitted  that  both  kinds  of 
impulses  cross  over  completely  somewhere  during  their  transmission 
to  and  from  the  basal  ganglia  and  the  peripheral  organs. 

When  however  we  have  admitted  that  these  bodies  act,  as  it 
were»  the  part  of  middlemen  between  the  cerebral  convolutions  and 
the  rest  of  the  brain,  we  have  gone  almost  as  far  as  facts  will  support 
118.  We  are  not  at  present  in  a  position  to  state  dogmatically  what 
is  the  nature  of  the  mediation  which  either  body  respectively  effects. 
A  very  tempting  hypothesis  is  one  which  suggests  that  the  corpora 
striata  are  concemea  in  the  downward  transmission  and  elaboration 
of  efferent  volitional  impulses,  and  the  optic  thalami  in  a  similar 
upwaixi  transmission  and  elaboration  of  afferent  sensory  impulses ; 
and  there  are  many  facts  which  may  be  urged  in  favour  of  this  view, 
which  was  first  developed  and  expounded  by  Carpenter  and  Todd. 
So  much  acceptance  indeed  has  it  found,  that  many  pathologists 
rq;ard  it  as  established,  and  speak  confidently  of  the  corpora  striata 
as  motor  and  the  optic  thalami  as  sensory  ganglia.  A  careful  review 
however  of  all  the  facts  leads  to  the  conclusion  that  this  division 
of  functions  has  not  yet  been  clearly  proved. 

The  pathological  evidence  in  this  case,  were  it  sharply  defined  and 
aooordant,  would  be  of  unusual  value;  but  it  is  neither  the  one  nor  the 
other.  A  number  of  eases  indeed  may  be  cited  to  shew  not  only  that 
lesioDS  of  a  corpus  striatum  may  be  accom])anied  by  akinesia  without 
anesthesia,  but  that  lesions  of  an  optic  thalamus  may  cause  ansesthesia 
without  actual  akinesia,  that  is  without  any  further  interference  with 
the  execution  of  voluntary  movements  than  is  occasioned  by  the  loss  of 
the  coordinating  sensations.  Of  these  two  classes  of  cases,  the  latter  is 
the  more  valuable,  since  all  clinical  experience  shews  that  any  lesion  more 
veadily  interferes  with  volitional  movements  than  with  the  reception  of 
sensory  impressions.  Convulsions  are  not  common  when  the  lesions  are 
confined  to  these  bodies;  but  when  witnessed  they  can  generally  be 
refinred  to  the  corpora  striata  rather  than  to  the  optic  thalami;  like  the 
paralysis,  the  convulsions  are  generally  limited  to  the  opposite  side  of  tiie 
body,  though  feeble  movements  may  occasionally  be  seen  on  the  same 
side  as  welL  On  the  other  hand,  numerous  cases  have  been  recorded 
where  an  injury  apparently  oon6ned  to  one  corpus  striatum  has  had  as 
part  of  its  rmlts  anaosthesia  of  the  opposite  side  of  the  body;  and  others 
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where  disease  apparently  confined  to  an  optic  thalamus  has  caoaed  Iosb  of 
movement  as  well  as  of  sensation. 

Experiments  on  animals,  though  Tery  valuable  aa  regaids  the  iBTesti- 
gation  of  movements,  are  imperfect  means  of  studying  the  plienomena  of 
conscious  sensations.  We  have  already  seen  that  crude  unelaboraied 
sensations  mav  originate  in  an  animal  deprived  of  its  cerebral  hemi- 
spheres:  and  it  becomes  a  matter  of  great  difficulty  to  disentangle  the 
evidenceti  of  these  primitive  sensations  from  those  of  the  higher  psycfaicil 
jK^rceptions.  ^loreover  we  do  not,  at  present,  at  aU  know  to  what  an 
extent  the  lar^r  development  of  the  cerebral  hemispheres  in  man  bai 
influenced  the  ordinary  functions  of  the  other  parts  of  the  hnan.  It 
may  be  that  important  functions  which  in  the  rabbit  belong  to  the  middle 
and  hind  bniin  have,  in  man,  almost  disappeared  in  order  to  make  thoe 
structures  more  useful  servants  of  the  cerebral  hemispheres.  It  may  bc^ 
however,  that  the  greater  activity  of  the  convolutions  has  simply  in- 
cnwse^i  the  ordinary  lab^jurs  of  the  middle  and  hind  brain.  We  cumot 
at  present  say  which  eflect  has  resulted ;  bat  meanwhile  great  caudoa 
ouirht  to  l^  exercised  in  drawing  inferences  from  experiments  on  a  rabbit, 
•r  on  :i  dv>j:,  as  to  what  are  the  functions  of  the  correspondiDg  parts  of 
the  iiuiiiAii  bniin. 

Forrler*    o'userved    that   when    the  corpora   striata   were  sdmnlited 
with    an    intemipteJ    current,    convulsive    movements   of   the  oppodtB 
si«;o  of  :he  Kxiy  uvk  place ;  the  animal,  when  the  stimulus  was  pow«^ 
f;;'..    txir.::  tr.rv^«T.  ir^io  cosipleie  pleurosthotonus,  the  side  of  the  body 
oi^;vvsi:e  to  the  side  of  the  brain  stimulated  Wing  foreibly  drawn  into  u 
aivb.     Tr.e  !>::\'.irei  zurvements  observed  by  Biudon  Sanderson  (p.  5<I»5) 
were  !.>:  ir.  tie  p^r.erskl  «>:'r.vdIsions  csiused  by  the  galvanic  current  it 
t\v::v.j:  a  '.^rpc^  tv^r::.-  of  the  or^an.     When,  on  the  other  hand,  the  opde 
tr.,V.Ar.*.i   w^ri*   sir-u.Ar.v   sun:'»il*:ed.  no  such  convulsions  were  obseriei 
v^^v.    :':.-.<    :•;::*.:    Cirville    &r.i    P-.ire:"s'   observations    are   in   accoidanoe 
>»::>.  ;'.:.vft:   ::'  FvrT:-.r:  iri  :le  re&":il:&.  as  far  as  they  gk.\  appear  at  ioA 
s-^':.:  :o  Ix  iv.  A.v.vr.:ik:i.>i  witi.  lie  ilr»?rv  of  the  exclusivel v  motor  functions 
x*  ::.:^  x\  r:vr\  s:r:ATA»  ai:I  :le  rx:l:i5:TrIy  seL^ory  functioiis  of  the  optic 
tc.s.* A :.■.:.     Fu.:   i;   '&;v.'..i  ctTijuflT  l«e  r&sL  to  draw  anv  such  conc!uav4i 
J..r:v:.v  :V.v."  ::.;-'..  <::.:-\  ::*:le  :-":i.'^  TJjkli:::-^*  is  concerned  in  the  transmis- 
s.,v.   *■...;  ;"..'.•.  ri^. :■.:■-  ::'  sii^rrj  ii:.:--lsf*.  ile  api'lication  of  the  galrank 
xv.r-ps-:,:  :>*  ::  . -..j:-.:.  ry  .v-s:l.^rc"lr^  i  i.':izir»rr  of  stnsoiy  impulses,  to  give 
r  s."    :.       ;-•.:.:-:>    .:*  s;:;.i  ii:.i   :r  .iler.  SLi.i  not  to  l-e  characterizk?! 
*;  X   :>,*  .\\.x-.^:    ;•:'   .«.".'  -. ^-.vTi;.      31: re-  vfr  ii.y  s~ch  ir.:rreisoe  is  op|x«d 
V\    :'.  .'   r,>/:>    ,:'    >~ . -Ir-i^: 7> '   rir*rrL:_riL:s^     Tris   ol>?erver   destrc-ved 
Vv    ". •■  •  .V ;    *■.   , :'   : :. r .  v. .: :    i ,-: ;    :•: il     .  -S-r.   '-  .'-i:  -  Tjrf*  \  ih e   extm-ventri- 
,■  ''.r   y.  ■■;  .    >    .:    :': :     ."-..r-vT^Si    srr.*.?.',     ::"  :le  ri'-bit,   with   the  resali 
,'.:    *.  :■  ".iv^    :'  :'    .*.:  :v.-.iL'.   j.  .■....:>:   fXi::l"   iz.;o   tlr   same   cv.-ndition  ^  if 
V.>     :;>     ,\  "T: :  r-.".     : :  v.  l^- . ": :  r:^    l^i     >>?-     rezirve-i.       When,   on    tke 
,■;":.•    ".;•..■.    '. ;    : '  :    :         ;:"   i  *.-.■:•,- .s.1  ii.stn'L-'fiit,  Le  suco^drd  in  de- 
s.-.vx-.;.     .v:*:.    ;■.  .  ;    :1\ :."■-..■.    "vitioz:    anv    ctlrr    ir-'Tirr    to    the  braiD, 
'  ,'    /.  X  ..>    i'f.v>    :.    ^v'i'l.    :i:c^    wf-rr   -."^    ezt^    o:    either    loss   of 
w-  .-   V    m:    ,'.*    s.  .'^';..-.      r;:":  TC    --   fi:'^    c.TiIi    tt*    noticed  except  a 
:•%.,•:    •  w . .  .xT    ...>.»->.;:.  iiL  . :   -1 ;   \j:J: ^     Wl~c  ile  ntidei  lenticUiires 
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were  destrojed  there  was  no  apparent  loss  of  sensation,  that  is  to  say 

tlie  animal  readilj  moved  when  stimulated  by  pinching  the  skin,  ^; 

bat    it    was   impossible   to   tell  whether   sensory  impulses  reached  the 

ott^bral  convolutions,  since  no  manifestations  whatever  of  the  condition 

df  the  convolutions  were  possible.     The  animal  might  have  felt  acutely, 

and  yet   have    been  unable,   from    the    loss  of  the   appropriate  motor 

trmcts,  to  express  itself;  or  it  might  have  been  as  incapable  of  the  higher 

psychical  feeling  a^  it  was  of  executing  spontaneous  movements.     The 

phenomena  resulting   from    destruction  of  the  nuclei  lenticulares  admit 

of  no  clear  proof  in  either  direction.     The  fact,  however,  that  voluntary 

movements  continued  as  usual  after  complete  destruction   of  the  optic 

tlialami,  goes  far  to  prove,  that  in  the  rabbit  at  least,  these  bodies  are  not 

die  only  means  by  which  sensory  impulses  pass  to  the  cerebral  oonvolu- 

tionfl.      Even   admitting   (as  indeed  in  the  case  of  man  we  must  do, 

that  the  general  anaesthesia  following  upon  lesions  of  the  corpora 

or  optic  thalami,  is  not  necessarily  accompanied  by  blindness  or 

of  any  other  special  sense)  that  the  specific  impulses  of  vision  and 

the  other  senses  still  reached  the  rabbit's  convolutions ;  yet  the  initiation, 

And  hence  the  general  character  of  the  animal's  movements,  must  have  been 

influenced  by  the  total  absence  of  all  psychical  tactile  sensations,  though, 

in  oonaequence  of  the  coordinating  mechanisms  of  the  hinder  brain  being 

•kill  intact,  their  coordination  might  still  have  been  carried  out.  Apparently 

however  this  was  not  the  case  :  tJ^e  movements  did  not  in  any  way  betray 

the  loss  of  any  factors. 

Lussana  and  Lemoigne  ^  who  regard  the  optic  thalami  as  motor  centres 
far  the  lateral  movements  of  the  anterior  limbs  (a  lesion  of  one  optic 
tfudamus  paralysing  the  adduction  of  the  forelimb  of  the  corresponding 
ttttd  the  abduction  of  that  of  the  opposite  side),  saw  no  evidence  of  any 
]am  of  general  sensibility  or  signs  of  pain  to  result  from  injuries  to  these 
faodiesi  and  no  movements  to  result  from  stimulation  of  other  than  their 
^  de^  parts.  After  a  lesion  however  of  the  optic  thalamus  of  one  side  they 
^   inTariably  found  blindness  in  the  opposite  eye. 

i  Oarville  and  Duret'  found   that  in  the  dog  section  of  the  internal 

•L  #iiMrale,  or  expansion  of  fibres  passing  between  the  nucleus  lenti- 
«  cnJariB  and  optic  thalamus,  in  the  anterior  part  of  its  course  where 
%  it  PMW8  between  the  nucleus  lenticularis  and  the  nucleus  caudatus,  led 
T  to  hemiplegic  loss  of  voluntary  movement  on  the  opposite  side,  though 
r.  stimalation  of  the  paralysed  Umb  still  gave  rise  to  i*eflex  movements. 
When  the  section  was  carried  through  the  posterior  part  of  the  expansion, 
bsiween  the  nucleus  lenticularis  and  optic  thalamus,  the  loss  of  voluntary. 
[',  aMnrement  on  the  opposite  side  of  the  body  was  accompanied  by  loss  of 
.tion,  f.0.  when  the  paralysed  limbs  were  pinched,  no  responsive 
movements  followed.  It  is  hazardous,  however,  to  draw  from  these 
CoqMriments  any  positive  conclusions. 

Noihnagel'  observed  that  in  the  rabbit  voluntary  movements  still 

after   destruction    of    both    nuclei   caudati ;    in    this    respect 

portions  of  the  corpora  striata  presented  a  marked  contrast  to  the 

^iiiolei    lenticularea.     Nevertheless   destruction  of  ono  nucleus  caudatus 

'      s  FUMogia  dei  eentri  n^rvoii  eneefalicU  1871,  and  Arehivei  de  Phytiologie,  it.  (1877) 
«•  119  ei  Mq. 

*  Qp.eiL  *  Op.eit. 

J.  ?.  ^^ 
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frequently  induced  a  certain  amount  of  paralysis  of  the  oppoaite  aide  of 
the  body,  which  disappeared  after  removal  of  the  nudeua  caadatua  of  the 
other  side ;  and  as  we  have  already  stated,  destmction  or  injniy  to  * 
particular  part  of  the  nucleus  caudatus,  viz.  the  8(M»dled  nodus  cnnoriiu, 
gave  rise  to  remarkable  forced  movements,  which  made  their  appeannoe 
even  after  the  previous  removal  of  the  nuclei  lenticularee.  The  injecti<m 
of  chromic  acid  into  other  parts  of  the  nucleus  caudatus  also  firequentlj 
caused  for  a  while  forced  movements,  either  straight  forward,  or  of  the 
circus  kind,  which  differed  from  those  witnessed  by  older  observcn  in 
operations  on  the  corpora  striata  after  removal  of  the  hemispheres,  ioas> 
much  as  they  were  executed  by  an  animal  still  possessing  intelligence,  and 
frequently  striving  to  avoid  obstacles. 

It  is  impossible  at  present  to  give  a  satisfactoiy  explanation  of  all 
these  varied  and  frequently  inconstant  phenomena^  but  it  may  be  woiih 
while  to  return  again  to  the  possibility  of  considering  some  at  least  of 
the  phenomena  as  inhibitory  effects.  The  fact  that  the  paralysis,  cona- 
ture  of  the  body,  and  the  circus  movements  resulting  from  lesion  to 
one  nucleus  caudatus  or  nucleus  lenticularis,  disappear  when  the  same 
body  on  the  other  side  is  removed,  warns  us  against  too  hastily  asBonuDf 
that  a  loss  or  diminution  of  volimtary  power  means  nothing  more  than 
a  break  in  the  transmission  of  volitional  impulses;  it  may  mean  that,  lot 
it  may  mean  also  the  development  of  nervous  actions  having  iuhibitaT 
effects.  In  the  experiment  of  Carville  and  Duret  quoted  above,  pinching 
the  left  hind  limb  after  section  of  tbe  right  internal  capsule  produced  do 
reflex  action  whatever.  Kow  it  is  absurd  to  suppose  that  in  this  case 
the  reflex  centi'e  was  removed,  or  any  part  of  a  veritable  reflex  chain 
broken,  because,  as  we  know,  pinching  the  hind  limb  will  produce  a  reflex 
movement,  provided  only  a  portion  of  the  lumbar  cord  be  left  intact  and 
functional.  Tliere  must  in  this  ca.<:e  have  been  inhibition  of  the  luinliar 
reflex  centres ;  and  if  of  these,  why  not  of  many  other  reflex  and  other 
centres  as  well?  Especially  in  pathological  cafes  does  it  become  a  matter 
of  serious  importance  to  inquire  how  far  the  varied  phenomena  of  akinesc 
and  anaesthetic  i)aralysis  ai*e  due  to  the  positive  influences  of  inhibitorj 
agencies,  and  not  tbe  merely  negative  results  of  a  break  in  the  ncrroos 
cliiiin. 

Corpora  QuadrigemincL 

We  have  already  seen  that  the  centre  of  coordination  for  Ifce 
movements  of  the  eyeballs  (p.  443)  and  that  for  the  contraction  of  the 
pupil  (p.  40()),  lie  in  the  nates  or  anterior  tubercles  of  the  corpora 
<iuadrigeinina.  These  two  centres  are  associated  together  in  such 
a  way  that  when  the  eyeballs  are  directed  inwards  and  downwards, 
as  for  near  vision,  the  pupils  are  at  the  same  time  contracted,  and 
when  the  eyeballs  are  directed  upwards,  and  return  to  parallelism, 
the  pupils  are  dilated  to  a  corresponding  extent.  When  the  eye- 
balls are  moved  sideways  tbe  pupils  remain  unchanged*.  This  is 
the  case  when  the  movements  of  the  eyeballs  are  brought  about  br 
direct  stimulation  of  various  parts  of  the  nates;  hence  theassocia- 

^  Adamuk,  Cht.  med.  Win.  1870,  p.  66. 
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tion  of  the  movements  of  the  pupil  and  the  ocular  muscles  is  de- 
termined by  the  structural  relations  of  their  respective  centres,  and 
is  not  simply  psychical  in  its  nature. 

Knoll',  in  opposition  to  Flourens,  Budge  and  others,  maintains  that 
removal  of  the  corpora  quadrigemina  in  rabbits  does  not  do  away  with  the 
reflex  contraction  of  the  pupil,  unless  the  optic  tract  be  injured  at  the  same 
time;  and  from  that  infers  that  the  centre  of  the  pupillary  contraction  is 
not  situate  in  the  nates.  He  does  not  however  state  where  the  centre 
is  placed,  and  his  results  are  in  contradiction  with  the  later  ones  of 
Adamuk«  Adamuk  affirms  that,  while  stimulation  of  the  anterior  tuber- 
cles simply  causes  movements  in  the  eyeballs  with  associated  pupillary 
changes^  stimulation  of  the  posterior  tubercles  or  testes,  especially  in  the 
middle,  causes  dilation  of  the  pupil  with  a  peculiar  starting  of  the  eyes, 
which  however  maintain  their  parallelism.  Knoll  had  observed  the  same 
dilation,  and  found  that  it  ceased  to  appear  after  section  of  the  sym- 
pathetic in  the  neck ;  according  to  him,  however,  the  effect  is  produced  by 
stimulating  tiie  nates,  and  is  most  marked  on  the  same  side. 

Flourens  observed  that  unilateral  extirpation  of  the  corpora  quad- 
rigemina in  mammals  or  of  the  optic  lobes  in  birds  produced  blind- 
ness in  the  opposite  eye ;  and  the  same  result  has  been  gained  by  all 
subsequent  observers  .  We  have  seen  moreover  that  both  frogs, 
birds,  and  mammals  continue  to  receive  and  react  upon  visual 
impressions  after  the  total  removal  of  the  cerebral  hemispheres. 
From  these  facts  we  infer  that  visual  sensory  impulses  become 
transformed  into  visual  sensations  in  the  corpora  quadrigemina; 
or,  in  other  words,  that  these  nervous  structures  are  centres  of  sight. 
But  they  are  so  in  a  limited  sense  only.  We  have  seen  that 
destruction  or  injury  of  the  cerebral  hemispheres  profoundly  affects 
Tision.  In  the  absence  bf  the  cerebral  convolutions,  a  crude  vision, 
devoid  of  distinct  visual  perceptions,  is  probably  all  that  is  possible. 
Vision  in  fact,  beginning  in  the  retina,  is  partially  elaborated  in  the 
corpora  quadrigemina  and  possibly  in  the  optic  thalami',  but  does 
not  become  completely  developed  until  the  cerebral  convolutions 
have  been  called  mto  operation. 

Since  unilateral  destruction  pf  the  corpora  quadrigemina  entails  blindness 
of  the  opposite  eye,  and  apparently  does  not  affect  at  all  the  visual  sensofjr 
impulses  originating  in  the  eye  of  the  same  side,  it  is  obvious  that  a  com- 
plete decussation  of  the  sensory  impulses  must  take  place  before  the  centre 
IS  reached.  In  man,  the  generally  accepted  opinion  teaches  that  the  decussa- 
tion of  the  optic  fibres  in  the  chiasma  though  large  is  not  complete,  and  hence 
tliat  some  crossing  must  take  place  in  the  brain.  Biesiadecki^,  however, 
•tfties  that  in  the  rabbit  the  decussation  in  the  chiasma  is  complete,  and 
Handelstamm*  affirms  the  same  for  man.     Attempts  have  been  made  to 

»  Eokhard'B  Beitrage,  it.  (1869)  p.  109. 

*  MoKendriok,  Trans.  Boy.  Soe.  Ed,,  1873. 

*  Lnssana  and  Lemoigne,  op,  eit, 

«  MolesohoU's  UntenueK  Yin,  (1862)  156« 
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explain  tlie  cariotui  pbenomeoa  of  hemiopia,  in  wliich  portknis  of  the 
retinsB  of  the  two  eyes  are  insensible  to  light,  by  refereDce  to  morbid 
changes  affecting  particular  parts  of  the  chiasma,  according  to  the  Tarietj 
of  the  hemiopia;  but  it  is  possible,  if  not  probable,  that  the  cause  is  aome- 
times  situate  in  tiie  brain  itsell 

Flourens  and  subsequent  observers  noticed  that  injury  or 
removal  of  the  corpora  quadrigemina  on  one  side  frequently  caused 
forced  movements,  and  that  removal  of  the  whole  mass  led  to  great 
want  of  coordination.  These  results  are  quite  in  harmony  with  the 
fact  mentioned  above  concerning  the  coordinating  functions  of  the 
optic  lobes  in  frogs.  But  at  present  \ve  have  no  exact  knowledge 
concerning  the  nature  of  the  coordination,  and  what  relations  are 
borne  in  this  respect  by  the  corpora  quadrigemina  to  the  cerebellum, 
crura  cerebri,  and  pons  Varolii. 

Flourens  in  many  cases  entirely  removed  the  corpora  bigemina  firom 
birds  without  any  incoordination  or  disturbance  of  movements  resulting, 
though  they  were  seen  by  McKendrick  in  pigeons  and  by  Ferrier  in 
rabbits  and  monkeys.  It  has  been  urged  however  by  many  (Schiff) 
that  when  such  phenomena  do  occur  after  removal  of  the  ocnrpora  qoadn- 
gemina,  they  are  the  result  of  coincident  injury  to  the  undco^ying  crua 
cerebri.  Adamuk^  observed  in  rabbits  that  galvanic  stimulation  of  the 
posterior  tubercles,  in  contrast  to  the  anterior  tubercles,  produced  move- 
ments of  the  animal,  though  Knoll  observed  no  such  effect.  Feirier'  nv 
vaiious  movements  follow  upon  stimulation  of  the  sur&oe  of  the  cmpoa 
quadrigemina  with  the  interrupted  current.  Flourens  found  that  while 
mecliahical  stimulation  of  the  surface  of  these  bodies  produced  no  effect) 
deep  puncture  caused  various  movements,  which  he  attributed  to  stimult- 
tion  of  the  crura  cerebri  beneath.  This  suggests  that  the  movements 
caused  by  galvanic  stimulation  are  due  to  escape  of  current,  and  we  heie 
meet  with  the  same  difficulty  that  was  experienced  in  dealing  with  the 
cerebral  convolutions.  Ferrier  states  that  with  even  a  moderately  strong 
current  the  movements  may  be  so  violent  as  to  merge  into  a  geneial  opis- 
thotonus. He  also  observed  that  stimulation  of  the  posterior  tubercles 
wa8  followed  by  marked  and  distinct  cries,  affording  a  curious  parallel  to 
the  croaking  produced  by  reflex  stimulation  in  frogs,  the  seat  of  which  is  in 
the  optic  lobes.  Lussana  and  Lemoigne'  also  observed  a  cry  invariaUr 
to  follow  upon  section  of  the  corpora  quadrigemina  and  superior  peduncles 
of  the  cerebellum  (processus  cerebelli  ad  testes),  though  no  loss  of  sensibility 
could  be  detected  as  resulting  from  the  operation.  These  observers  assert 
that  section  of  the  superior  peduncles  paralyses  the  muscles  of  the  trunk  of 
the  opposite  side  and  thus  leads  to  the  vertebral  column  being  arched 
towards  the  same  side,  and  to  *  circus'  movements.  According  to  Valentin, 
Budge,  and  others,  stimulation  of  the  corpora  quadrigemina,  or  of  the 
optic  lobes,  produces  movements  in  the  oesophagus,  stomach,  and  other 
])arts  of  the  alimentary  canal,  and  in  the  urinary  bladder.  In  such  cases 
the  stimulation  must  have  an  indirect  effect  on  the  centres  of  the  abore 
movements,  which,  as  we  have  seen,  are  situate  in  the  medulla  and  Imuhar 

*  Op.  ciU  «  Op.  ciU  »  Op.  eiU 
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oord  respectively.  Danilewsky,  janr.'  and  Ferrier  have  observed  changes 
in  the  blood-preasare  and  respiration  follow  upon  stimulation  of  the  corpora 
qoadrigemina,  as  of  other  parts  of  the  brain. 

Ceri^eUum, 

We  have  already  referred  to  the  cerebellum  as  being  probably 
ooncemed  in  the  coordination  of  movements.  Flourens  observed 
that  when  a  small  portion  of  the  cerebellum  was  removed  from 
a  pigeon,  the  animal  s  gait  became  unsteady,  when  larger  portions 
were  taken  away  its  movements  became  much  more  disorderly,  and 
when  the  whole  of  the  organ  was  removed  an  almost  total  loss  of 
coordination  supervened.  Other  observers  have  obtained  similar 
results  in  other  animals;  and  it  has  in  general  been  found  that 
lateral  or  unsymmetrical  lesions  and  incisions  produce  a  greater 
effect  than  those  which  are  median  or  symmetrical.  Section  of  the 
middle  peduncle  on  one  side  almost  invariably  gives  rise  to  a  forced 
movement,  the  animal  rapidly  rolling  round  its  own  longitudinal 
axis ;  the  rotation  is  generally  though  not  always  towards  the  side 
operated  on;  and  is  accompanied  by  nystagmus,  i.e.  by  peculiar 
rolling  movements  of  the  eyes  suggestive  of  vertigo ;  frequently  one 
^e  is  moved  in  one  direction,  e.g.  inwards  and  downwards,  and  the 
other  in  a  different  or  opposite  direction,  e,g.  outwards  and  upwards. 
The  clinical  evidence  is  discordant,  for  though  unsteadiness  of  gait 
has  been  frequently  witnessed  in  cases  of  cerebellar  disease,  many 
histories  have  been  recorded  in  which  extensive  disease,  amounting 
at  times  to  almost  complete  destruction,  of  the  cerebellum  has 
existed  without  any  obvious  disturbance  of  the  coordination  of  move- 
ments. Still  the  experimental  evidence  is  so  strong,  that  we  must 
consider  the  cerebellum  as  an  important  organ  of  coordination,  though 
we  are  unable  at  present  to  denne  its  functions  more  exactly.  It  is 
probable,  but  not  proved,  that  its  functions  are  especially  connected 
with  the  afferent  impulses  proceeding  from  the  semicircular  canals. 

Observers  are  not  agreed  as  to  how  far  the  loss  of  coordination  which 
fellows  upon  lesion  or  removal  of  part  of  the  cerebellum  is  temporary  or 
permanent.  Flourens  found  that,  when  the  portion  removed  was  small, 
the  disorderly  movements  which  at  first  appeared  eventtially  vanished,  bat 
when  a  large  portion  was  removed  the  loss  of  coordination  became  per- 
manent, ^ese  results  are  capable  of  interpretation  on  the  view  that  the 
coordinating  mechanism  is  situated  in  the  deeper  structures,  and  hence, 
^irhile  completely  removed  by  the  deeper  incisions,  are  only  temporarily 
paralysed  by  the  shock  of  the  slighter  operations.  Hitzig  and  Ferrier  find 
that  injury  to  or  removal  of  the  lateral  lobe  produces  the  same  foroed 
movements  as  section  of  the  middle  peduncle.  Flourens  and  others  have 
observed  that,  while  lateral  injury  gave  rise  to  lateral  movements,  injury  to 
the  anterior  or  posterior  median  portions  caused  the  animal  to  faXL  forwards 
and  backwards  respectively.   Nothnagel'  has  been  led  from  his  experiments 

1  Pflfiger*8  Arehiv,  xi.  (1875)  126. 
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on  rabbits  to  the  conclnsion  tbat  the  leiaionB  which  determine  a  1o8b  of 
coordination  are  those  which  result  in  a  solution  of  continuity  between  the 
two  sides  of  the  organ,  the  losa  of  even  an  entire  half  having,  according  to 
him,  no  such  effect  Ferrier  finds  that  stimulation  of  the  cereb^lar 
surface  by  the  interrupted  current  causes  in  monkeys,  dogs^  and  cats, 
movements  of  both  eyes  with  associated  movements  of  the  head  and  limbs, 
and  to  a  certain  extent  of  the  pupils.  The  eyes  moved  horizontally  or 
vertically  or  obliquely,  symmetrically  or  unsymmetrically,  with  or  without 
rotation,  according  as  the  electrodes  were  applied  to  one  or  other  portkm 
of  the  surface.  In  fact  the  results  were  to  a  certain  extent  similir  to 
those  obtained  by  Adamuk  on  stimulating  the  corpora  quadrigemina,  hot 
they  cannot  be  wholly  explained  as  simply  due  to  escape  of  current,  if^  u 
Hitzig^  asserts,  very  similar  phenomena  may  be  witneasedi  not  only  with 
weaker  currents,  but  even  on  mechanical  stimulation. 

Nothnagel'  also  finds  that  mechanical  stimulation  of  even  the  surfiice  of 
the  cerebellum  gives  rise,  without  signs  of  pain  being  felt^  to  movementi 
chiefly  of  the  trunk  and  extremities  and  of  those  muscles  which  are  govenied 
by  the  facial,  hypoglossal,  and  fifth  nerves.  These  movements,  which  are  de- 
veloped somewhat  slowly,  manifest  themselves  first  on  the  side  operated  on, 
and  then  ceasing  on  that  side  make  their  appearance  on  the  opposite  sida 

Purkinje  observed  long  ago,  that  when  a  constant  current  of  sufficient 
strength  was  sent  through  the  head  from  ear  to  ear,  a  feeling  of  giddi- 
ness was  experienced;  external  objects  appearing  to  rotate  in  the  direc- 
tion of  the  current,  from  right  to  left  for  instance  when  the  anode  wu 
placed  at  the  right  ear,  while  at  the  same  time  the  subject  himself  leant 
from  the  left  towards  the  right.  Hitzig'  has  more  fully  investigated  and 
described  the  phenomena.  When  the  current  is  sufficiently  strong,  remaric- 
able  movements  of  the  eyes  are  seen  to  take  place  on  the  current  being 
made;  these  are  varied,  and  partake  somewhat  of  the  nature  of  nystagmiu. 
They  consist  of  a  rapid  snatching  movement  in  the  direction  of  the  current, 
and  a  slower  return  in  the  contrary  direction,  the  eyes  oscillating  between 
the  two.  Sometimes  the  two  eyes  move  together,  sometimes  they  are 
dissociated.  That  neither  the  feeling  of  vertigo  nor  the  movements  of  the 
body  are  dependent  on  abnormal  visual  sensations  caused  by  the  ocular 
movements,  is  shewn  by  the  fact  that  they  occur  when  the  eyes  are  shot, 
and  also  in  blind  people ;  and  indeed  the  feeling  of  vertigo  may  be  induced 
by  a  current  too  feeble  to  cause  any  abnormal  movements  of  the  eyeballa 
The  application  of  the  current  when  the  eyes  are  shut  gives  rise  to  a 
sensation  similar  to  that  of  sitting  or  standing  in  a  carriage  whidi  is 
being  turned  over  in  the  direction  of  the  current,  from  right  to  left 
when  the  anode  is  placed  at  the  right  ear.  When  the  current  is  broken, 
there  is  rebound  of  the  phenomena  in  an  opposite  direction.  The  person 
now  leans  towards  the  kathode,  and  external  objects  seem  to  revolve  from 
the  kathode  to  the  anode.  All  these  phenomena  are  best  explained  hf 
supposing  that  the  current  interferes  with  the  cerebral  coordinating  mechan- 
ism, from  which  result,  as  efferent  effects,  the  compensating  movements 
of  the  body  and  of  the  eyes,  the  change  in  the  mechanism  at  the  same 
time  so  affecting  consciousness  as  to  produce  a  feeling  of  vertigo.  Whether 
they  are  due  to  an  anelectrotonio  and  katelectrotonic  condition  of  the 
ampullar  fibres  of  the  respective  auditory  nerves,  or  are  caused  by  the 
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action  of  the  current  on  cerebellar  or  other  atnictures,  most  be  left  for 
the  present  nndecided. 

Attempts  have  been  made  to  connect  the  cerebellum  with  the 
sexual  functions ;  but  there  is  no  satisfactory  evidence  of  any  such 
relation.  As  we  shall  see  later  on,  the  nervous  centres  connected 
with  the  sexual  and  generative  organs  are  seated,  in  the  case  of  dogs 
at  least  and  probably  of  all  animals,  in  the  lumbar  spinal  cord ;  and 
all  or  nearly  all  sexual  phenomena  may  be  witnessed  in  animals,  the 
lumbar  spinal  cords  of  which  have  been  isolated  by  section  from  the 
rest  of  the  cerebro-spinal  system.  Galvanic  stimulation  of  the  cere- 
bellum produces  no  change  in  the  generative  organs,  and  when 
erectiooL  of  the  penis  is  caused  by  emotions,  the  tract  connecting 
the  cerebral  convolutions  with  the  erection-centre  in  the  spinal  cord 
passes  straight  along  the  crura  cerebri  and  medulla,  for  Eckhard^ 
has  observed  that  stimulation  of  these  parts  in  the  dog  will  produce 
erection. 

Eckbard  has  brought  forward  facts  to  shew  that  lesions  of  certain  parts 
of  the  cerebellum,  like  those  of  certain  parts  of  the  medulla  oblongata, 
cause  either  diabetes  or  simple  hydniria. 

Aocording  to  Budge,  stimulation  of  the  cerebellum  produces  peristaltic 
movements  in  the  oesophagus  and  stomach ;  and  Schiff  observed  inflamma- 
tion of  the  intestine  with  hismorrhage  after  lesions  of  the  peduncles  of  the 
cerebellum. 

Crura  Cerebri  and  Pons  Varolii. 

Though  from  the  grey  matter  abundant  in  both  these  organs  we 
may  infer  that  they  possess  important  functions,  we  hardly  know 
more  concerning  them  than  that  the  former  serve  as  the  great  means 
of  communication  between  the  spinal  cord  and  the  higher  parts  of 
the  brain,  and  that  both  are  intimately  connected  with  the  coordi- 
nation of  movements,  since  either  forced  or  disorderly  movements 
are  the  frequent  results  of  section  of  either  of  them ;  and  as  we  have 
seen,  the  possession  of  these  parts,  in  the  absence  of  the  cerebral 
hemispheres,  and  even  of  the  corpora  striata  and  optic  thalami,  is 
suflScient  to  carry  out  the  most  complex  bodily  movements. 

Since  the  paralysis  of  the  face  seen  in  cases  of  hemiplegia  fron^ 
disease  of  the  corpus  striatum  is  on  the  same  side  as  that  of  the  body, 
it  follows  that  the  impulses  proceeding  along  the  cranial  nerves  cross 
over  like  those  of  the  spinal  nerves.  Hence  when  paralysis  of  the  face 
occurs  on  the  opposite  side  to  that  of  the  body,  it  may  be  inferred 
that  the  injury  or  disease  has  affected  the  cranial  nerve  (or  nerves) 
in  a  part  of  its  course  before  decussation  has  taken  place ;  and  patho- 
logical observations  support  this  view,  unilateral  disease  or  injury  o^ 
the  pons  Varolii  not  unfrequently  involving  the  facial  nerve  of  the 
same  side  in  its  comparatively  superficial  course,  and  so  causing 
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paralysis  of  the  muscles  of  the  same  side  of  the  £eu»  as  the  ^sease, 
and  the  opposite  side  to  the  paralysis  of  the  limbs.  It  is  probable 
that  the  decussation  which  we  have  seen  to  begin  in  the  spinal  cord, 
is  gradually  completed  as  the  impulses  pass  through  the  medulla 
and  pons  Varolii.  Against  the  view  of  those  who  maintain  that 
volitional  impulses  cross  suddenly  and  completely  at  the  decussation 
of  the  pyramids,  may  be  urged  the  fact  that  a  longitudinal  section 
through  the  decussation  does  not  entail  loss  of  voluntary  movements 
on  both  sides  of  the  body,  as  it  ought  to  do  if  the  volitional  impulses 
crossed  completely  at  this  spot.  Moreover,  according  to  Vulpian,  the 
loss  of  voluntary  movement  which  follows  upon  a  unilateral  section 
of  the  medulla  is  not  confined  entirely  to  one  side  of  the  body. 

MedvUa  Oblongata, 

We  have  so  often  spoken  of  this  link  between  the  brain  and  the 
spinal  cord,  that  it  is  hajxlly  necessary  here  to  do  more  than  recall  the 
fact,  that  the  majority  of  the  'centres'  for  various  oi^ganic  functions 
are  situated  in  it. 

These  we  may  briefly  recapitulate  as  follows :  1.  The  respiratoiy 
centre  (p.  289),  with  its  neighbouring  convulsive  centre  (p.  302).  It 
may  here  be  remarked  that  just  as  venous  blood  leadily  ezcitei 
the  convulsive  centre,  but  wiU  not  otherwise  produce  convulsions, 
so  certain  poisons  may  produce  tetanus  by  acting  on  the  convnl- 
sive  centre  alone.  Such  a  poison  is  picrotoxine;  in  the  absence 
of  the  medulla  it  causeh  no  tetanic  spasms,  in  this  respect  differing 
markedly  from  strychnia.  2.  The  vaso-motor  centre  (p.  158).  3L  The 
cardio-inhibitory  centre  (p.  147).  4.  The  diabetic  centre,  or  centre  for 
the  production  of  artificial  diabetes  (p.  337).  5.  The  centre  for  deglu- 
tition (p.  227).  6.  The  centre  for  the  movements  of  the  oesoph^os 
and  stomach  (p.  231),  with  its  allied  vomiting  centre  (p.  237).  7.  The 
centre  for  reflex  excitation  of  the  secretion  of  the  saliva  (p.  206), 
with  which  may  be  associated  the  centre  through  which  the  vagus 
influences  the  secretion  of  pancreatic  juice  (p.  216),  and  possibly  of  the 
other  digestive  juices.  8.  The  centre  for  the  dilation  of  the  pupil 
by  means  of  the  cervical  sympathetic. 

In  the  frog,  as  we  have  urged,  p.  490,  the  medulla  is  undoubt- 
edly largely  concerned  in  the  coordination  of  movements,  and  it  is 
exceedingly  probable  that  in  the  mammal  a  considerable  portion  of 
work  of  this  kind  falls  to  its  lot. 

In  conclusion,  we  may  call  attention  to  the  fact,  that  of  the 
whole  brain  certain  parts  respond  easily,  by  various  movements  in 
different  parts  of  the  body,  to  mechanical  or  other  stimuli  applied 
directly  to  them,  while  others  will  not.  The  former  are  consequent^ 
spoken  of  as  sensitive,  and  together  form  what  has  been  called  an 
excito-motor  centre ;  they  are  the  (deep  parts  of)  the  corpora  quad- 
rigemina,  the  crura  cerebri,  the  pons  Varolii,  the  (deep  parts  of)  the 
cerebellum,  and  the  medulla.    The  latter  are  spoken  of  as  insensitive; 
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the^  are  the  cerebral  hemispheres  including  the  corpora  striata  and 
optic  thalami  (and  the  superficial  portions  of  the  cerebellum  (?)  and 
corpora  ^uadrigemina).  In  view  of  the  results  obtained  by  electrical 
stimulation  of  the  cerebral  convolutions  and  other  parts^  this  distinc- 
tion cannot  however  be  regarded  as  important. 


Sec.  5.    On  the  RApmrrr  op  Cerebral  Operations. 

We  have  already  seen  (p.  478)  that  a  considerable  time  is  taken  up 
in  a  purely  reflex  act^  such  as  that  of  winking,  though  this  is  perhaps  the 
most  rapid  form  of  reflex  movement.  When  the  movement  which  is 
executed  in  response  to  a  stimulus  involves  mental  operations  a  still 
longer  time  is  needed ;  and  the  interval  hetween  the  application  of  the 
stimulus  and  the  commencement  of  the  muscular  contraction  varies  ac- 
oording  to  the  nature  ^  the  mental  labour  involved. 

The  simplest  case  is  that  in  which  a  person  makes  a  signal  immediately 
tliat  he  perceives  a  stimulus,  ex,  gr.  closes  or  opeas  a  galvanic  circuit  the 
moment  that  he  feels  an  induction  shock  applied  to  the  skin,  or  sees  a 
flash  of  light,  or  hears  a  sound.  By  arrangements  similar  to  those  em- 
ployed in  measuring  the  velocity  of  nervous  impulses,  the  moment  of  the 
application  of  the  stimulus  and  the  moment  of  the  making  of  the  signal 
are  both  recorded  on  the  same  travelling  surface,  and  the  interval  between 
them  is  carefully  measured.  This  interval,  which  has  been  called  by  Exner 
'the  reaction  period,'  consists  of  three  portions;  (1)  the  passage  of  afferent 
impulses  from  the  peripheral  sensory  organ  to  the  central  nervous  system, 
including  the  generation  of  the  impulses  in  the  sensory  organ,  (2)  the 
transformation  by  psychical  operations  of  the  afferent  into  efferent  im- 
polses,  and  (3)  the  passage  of  the  efferent  impulses  to  the  muscles,  including 
the  latent  period  of  the  muscular  contractions.*  If  the  time  required  for 
tiie  first  and  third  of  these  events  be  deducted  from  the  whole,  the 
'reduced  reaction  period'  as  it  may  be  called,  gives  the  time  taken  up 
escdusively  by  the  operations  going  on  in  the  central  nervous  system. 

The  reaction  period,  both  reduced  and  unreduced,  varies  according  to 
the  nature  and  disposition  of  the  peripheral  organs  stimulated.  The  reaction 
period  of  vision  has  long  been  known  to  astronomers.  It  was  early  found 
that  when  two  observers  were  watching  the  appearance  of  the  same  star, 
a  considerable  discrepancy  existed  between  their  respective  reaction  periods ; 
and  the  difference,  which  varied  from  time  to  time  according  to  the 

ersonal  conditions  of  the  observers,  was  called  'the  personal  equation.' 
lus  the  personal  equation  between  the  celebrated  astronomers  Struve 
and  Bessel  varied  between  the  years  1814  and  1834  from  *04  to  1*02  sec., 
the  reaction  period  of  Struve  being  so  much  longer  than  that  of  Bessel. 
These  figures,  however,  are  not  to  be  compared  with  those  which  will  be 
given  immediately,  inasmuch  as  several  complications  were  introduced 
l^  the  method  of  observation. 

Exner^  has  carefully  determined  the  reaction  period  of  himself  and 
others  with  different  stimuli,  and  under  various  circumstances.  When  the 
stimulus  was  an  induction  shock  thrown  into  the  skin  of  the  left  hand,  the 

1  Pflttger's  Arehiv,  yn.  (1878)  p.  601. 
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signal  being  made  with  the  right  hand,  the  reaction  period  varied  from  *1337 
sec.  in  Exner  himself  to  -3576,  or  even  to  '9952,  in  an  obtiue  individual 
When  the  stimulus  was  applied  in  different  ways,  the  signal  always  bebg 
made  with  the  right  hand,  the  results  in  Ezner^s  own  case  were  as  fdlows: 

Direct  electrical  stimulation  of  the  retina *1139 

Electric  shock  on  the  left  hand *128S 

Sudden  noise -1360 

Electric  shock  on  the  forehead *1374 

„  „       on  the  right  hand *1390 

Visual  impression  from  an  electric  spark *1506 

Electric  shock  on  the  toe  of  the  left  foot *1749 

Hence  tactile  sensations  produced  by  the  stimulus  of  an  electrical  shock 
applied  to  the  skin  are  followed  by  a  shorter  reaction  period  than  the 
auditory  sensations ;  but  the  period  of  these  is  in  turn  shorter  than  that 
of  visual  sensations  produced  by  luminous  objects,  though  the  shoitest 
period  is  that  of  visual  sensations  produced  by  direct  electrical  stimulation 
of  the  retina.  Hirsch  had  previously  arrived  at  aimilar  results,  and 
Donders^  had  similarly  determined  the  reaction  period  or  physiological  time, 
as  he  termed  it,  to  be,  roughly  speaking,  for  feeling  -^th,  for  hearing  ^th,  and 
for  sight  |th  of  a  second.  Yon  Wittich'  found  the  reaction  period  to  be 
*167  sec.,  when  the  application  of  a  constant  current  to  the  tongue  pro- 
duced a  gustatory  sensation.  Yintschgau  and  Honigschmied*  determined 
the  reaction  period  of  taste  to  be  for  salines  '1598  sec.,  for  sugar  *1639, 
acids  '1676,  and  quinine  *2351.  Even  with  the  same  stimulus,  the  in- 
action period  will  vary  according  to  the  condition  of  the  individual.  Exner 
found  that  while  strong  tea  had  no  obvious  effect^  two  glasses  of  Bhine 
wine  lengthened  the  period  from  '1904  to  '2969. 

The  calculations  involved  in  'reducing'  the  reaction  period  are  obvioiul^ 
open  to  much  error ;  Exner's  own  reduced  period  was  '0828,  that  of  the 
obtuse  individual  quoted  above  '3050  and  *9426 ;  that  is  to  say,  an  intelli- 
gent person  takes  less  than  -^  of  a  second  to  perceive  and  to  wilL  If  the 
whole  reaction  period  of  the  case  when  the  retina  was  directly  stimulated  be 
deducted  from  the  period  of  the  case  when  a  luminous  object  was  used  to 
create  visual  impressions,  the  difference  ('0367  sec.)  would  indicate  the 
latent  period  of  luminous  stimulation  of  the  retina;  but  it  is  doubtful 
whether  any  great  dependence  can  be  placed  on  such  a  calculation. 

In  all  the  above  instances  a  single  stimulus  was  used,  and  all  that  the 
person  experimented  on  had  to  do  was  to  perceive  the  stimulus,  and  to  make 
an  effort  in  accordance.  If,  however,  the  stimulus,  instead  of  being  applied 
to  a  part  of  the  body  determined  by  previous  arrangement^  as  for 
instance  to  the  left  foot,  were  applied  either  to  the  left  or  the  rig^t 
foot,  without  the  person  being  told  which  it  was  to  be,  and  it  was  arranged 
that  he  should  make  a  signal  when  the  lefb  foot,  but  not  when  the  right 
foot  was  stimulated,  additional  mental  exertions  would  be  necessary; 
and  Bonders*  found  that  in  such  a  case  the  reaction  period  was  con- 
siderably prolonged.  The  following  table  gives  the  difference  between 
a  simple  reaction  period,   and   one  in  which  a  mental   decision  has  to 

1  Reichert  and  Du  Bois-Beymond's  Archiv,  1868,  p.  657. 

«  Zt.  Rat.  Med.  (8)  xxxi.  p.  113.  »  Pfluger's  Archiv,  x.  (1875)  p.  L 

*  Op.  cit. 
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be  cairied  out  before  the  Toluntarj  effort  to  make  the  signal  is  j^tiated, 
Le.  gives  the  time  required  for  the  person  to  'make  up  his  mind'  in 
accordance  with  the  nature  of  the  sensation  which  he  receives ;  this  it 
will  be  seen  is,  roughly  speaking,  from  \  to  ^^th  of  a  second. 

Dilemma  between  two  spots  of  the  skin,  right  and  left  foot  stimulated 

by  an  induction  shock *066 

Dilemma  of  visual  sensations  between  two  colours,  suddenly  presented 
to  the  view  :  signal  to  be  made  on  seeing  one  but  not  on  seeing 

the  other "184 

Dilemma  between  two  letters :  signal  to  be  made  on  seeing  one  only  '1G6 
Dilemma  between  five  letters :  signal  to  be  made  on  seeing  one  only  '170 
Dilemma  of  auditory  sensations :  two  vowels  suddenly  sung :  signal 

to  be  made  on  hearing  one  only '056 

Dilemma  between  five  vowels :  signal  to  be  made  on  hearing  one  only  *088 


Sec.  6.    The  Cranial  Nerves. 

Though  we  have  incidentally  dwelt  on  the  functioDS  of  all  these 
nerves,  it  may  be  as  well  to  recapitulate  them  in  a  tabular  form. 

1.  Olfactory,    Nerve  of  smell. 

2.  Optic.    Nerve  of  sight. 

3.  OcuUhTnotor,  Motor  nerve  to  the  levator  palpebrse  superioris 
and  all  the  muscles  of  the  eye,  except  the  obliquus  superior  and  the 
external  rectiis.  Efferent  nerve  for  the  contraction  of  the  pupil  and 
for  the  muscles  of  accommodation.  Hence  when  the  nerve  is  divided 
or  otherwise  paralysed  the  upper  eyelid  falls  (ptosis) ;  the  eye,  which 
is  turned  outwarcis,  is  capable  of  partial  movements  only,  viz.  such 
as  can  be  produced  by  tne  rectus  extern  us  and  obliquus  superior; 
when  tho  head  is  moved,  the  eye  moves  with  it,  the  inferior  oblique 
not  being  able  to  execute  the  usual  compensating  movements  of  the 
eyeball ;  the  pupil  is  dilated,  and  the  eye  cannot  accommodate  for 
near  distances. 

The  root  of  the  nerve  shews  recurrent  sensibility,  due  to  fibres  from  the 
fifUi,  but  is  otherwise  a  purely  motor  nerved 

4.  Trochlear  or  Pathetic,  Motor  nerve  to  the  obliquus  superior. 
When  the  nerve  is  paralysed,  no  marked  difference  is  observed  in  the 
position  of  the  eye,  but  the  patient  sees  double  when  he  attempts  to 
look  straight  forward  or  towards  the  paralysed  side ;  the  imacfes  how- 
ever coalesce  when  he  turns  his  head  to  the  sound  side.  When  the 
head  is  moved  from  side  to  side  tho  eve  moves  with  it,  the  usual 
compensating  movement  of  the  eye  which  accompanies  the  move- 
ments of  the  head  failing  in  consequence  of  the  superior  oblique  not 
acting. 

It  is  a  purely  motor  nerve,  but  receives  recurrent  fibres  from  the  fifth, 

1  Sehiff,  Lehrh.  p.  876. 
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5.  Trigeminus.  A  mixed  efferent  and  afiferent  nerve,  with  distinct 
motor  and  sensory  roots,  the  latter  bearing  the  ganglion  of  Gasser. 

Efferent  Fibres.  Motor  fibres  to  the  muscles  of  masticatioiiy 
temporal,  masseter,  two  pterygoids  (mylo-hyoid,  anterior  belly  rf  di- 
gastric) and  buccinator,  to  the  tensor  palati,  and  tensor  tympani; 
vaso-motor  fibres  to  various  parts  of  the  head  and  £eu» ;  secretoiy 
fibres  to  the  lachrymal  gland,  and  according  to  some  authors  to  the 
parotid  and  submaxillary  glands  by  fibres  joining  the  faciaL  Trophic  (?) 
fibres  to  eye,  nose,  and  other  parts  of  face,  see  p.  381.  Efferent  filn^ 
for  the  dilation  of  the  pupil,  see  p.  408, 

Afferent  Fibres,  ueneral  nerve  of  sensation  of  the  skin  of  head 
and  face,  and  of  the  mucous  membrane  of  the  mouth,  except  the 
back  part  of  the  tongue,  the  posterior  pillars  of  the  fauces,  and  a 
large  part  of  the  pharynx,  these  parts  being  supplied  by  the  glosso- 
pharyngeal and  vagus ;  the  back  of  the  head  is  chiefly  supplied  by 
branches  from  the  cranial  nerves,  and  the  external  meatus  and  concha 
are  supplied  chiefly  by  the  auricular  branch  of  the  vagus.  Nerve  of 
special  sense  of  taste  for  the  front  part  of  the  tongue,  see  p.  461. 

6.  Ahducens.  Motor  nerve  to  the  rectus  extemus.  When  the 
nerve  is  divided  or  otherwise  paralysed,  the  eye  is  turned  inwards. 

The  abducens  is  joined  by  fibres  coming  from  the  cervical  sympathetic; 
when  this  nerve  is  divided  in  the  neck,  the  action  of  the  maade  it 
weakened. 

It  probably  also  receives  recurrent  sensory  fibres  from  the  fiflh. 

7.  Facial,  Motor  nerve  to  the  mucles  of  the  face ;  hence  nerve 
of  expression.  Supplies  also  stylohyoid,  digastric,  buccinator,  stape- 
dius, muscles  of  the  external  ear,  platysma,  some  muscles  of  the  palate, 
viz.  the  levator  palati  and  probably  others.  Secretory  nerve  of  sub- 
maxillary and  parotid  gland.  Receives  afferent  possibly  efferent 
fibres  from  trigeminus  and  also  from  vagus.  According  to  Vulpian 
contains  vaso-motor  fibres  for  the  tongue  and  side  of  the  face.  The 
effects  of  paralysis  of  the  facial,  from  the  inability  of  the  orbicularis 
to  close  the  eye,  the  drawing  of  the  face  to  the  sound  side,  and 
the  smoothness  of  the  paralysed  side,  are  very  striking. 

8.  Auditory  Nerve,  Special  nerve  of  hearing ;  afferent  nerre 
for  impulses  other  than  auditory  proceeding  from  the  semicircular 
canals. 

9.  Glosso-plmryngeal.  Motor  nerve  for  levator  palati,  azygos 
uvula),  stylo-pharyngeus,  constrictor  faucium  medius.  Special  nerve 
of  taste  for  the  back  of  the  tongue.  General  nerve  of  sensation  for 
the  root  of  the  tongue,  the  soft  palate,  the  pharynx  (being  here  asso- 
ciated with  the  vagus),  the  Eustachian  tube  and  the  tympanumu 

10.  Pneumogastric.     Vagus, 

Efferent  Fibres.  Motor  nerve  for  the  muscles  of  the  soft  palate 
and  pharynx,  for  the  movements  of  the  oesophagus  (see  p.  230),  of 
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>mach  (see  p.  232),  of  the  intestines  (see  p.  229),  for  tbe  muscles 
larynx,  possibly  for  the  plain  muscular  fibres  of  the  trachea 
onchial  (livisions.  Inhibitory  nerve  of  the  heart, 
ferent  Fibres.  Sensory  nerve  of  the  respiratory  passages,  and 
phairnx,  oesophagus  and  stomach.  Afferent  nerve,  augmenting 
hibiting,  of  the  respiratory  centre  (see  p.  290),  afferent  inhibitory 
(depressor  branch)  of  the  medullary  vaso-motor  centre  (see  p. 
ifferent  nerve  producing  salivary  secretion  (see  p.  209),  inhi- 
pancreatic  secretion  (see  p.  216). 

tion  of  the  vagi  in  the  neck  causes  death  by  pneumonia ;  this  has 
igarded  by  some  as  an  indication  of '  trophic '  action. 

Spinal  accessory.    Motor  nerve  to  the  sterno-mastoid  and 

ius  muscles.    It  receives  recurrent  sensory  fibres  from  the 

d  nerves.    Part  of  the  spinal  accessory  blends  with  the  pneu- 

bric,  and  the  efferent  effects  (such  as  the  movements  of  the 

,  pharynx,  &c.,  and  cardiac  inhibition)  of  the  imited   trunk 

bo  be  largely  due  to  the  spinal  accessory  fibres  contained  in 

It   is  stated  however  that  division  of  the  spinal  accessory 

it  joins  the  pneumogastric,  does  not  entirely  do  away  with 

swallowing  or  the  movements  of  the  larynx.     In  the  move- 

of  the  oesophagus  and  stomach,  brought  about  by  the  vagus 

as  an  efferent  nerve,  the  accessory  fibres  seem  to  have  no  share. 

irdiac  inhibitory  fibres  seem  to  be  distinctly  of  accessory  origin. 

Hypoglossal.  Motor  nerve  for  the  muscles  of  the  tongue, 
*r  all  the  muscles  connected  with  the  hyoid  bone  except  the 
"ic,  stylo-hyoid,  mylo-hyoid,  and  middle  constrictor  of  the 
IX ;  it  also  supplies  the  stemo-thyroid.  It  receives  sensory 
from  the  fifth  and  vagus,  and  is  also  connected  with  the  three 
cervical  nerves  as  well  as  with  the  sympathetic. 

Charles  Bell  is  due  the  merit  of  having  made  the  fundamentiQ 
ry  of  the  distinction  between  motor  and  sensory  fibres.  Led  to 
)w  by  reflecting  on  the  distribution  of  the  nerves,  he  experimentally 
i  his  conclusions  by  observing  that  while  mechanical  irritation  of 
rior  root  gave  rise  to  no  movements  in  the  muscles  to  which  the 
ras  distributed,  these  were  very  evident  when  the  anterior  root  was 
[  or  pinched.  He  printed  his  views  for  private  circulation  in  1811, 
the  title  of  ''  Idea  of  a  New  Anatomy  of  the  Brain,"  and  communi- 
o  the  Royal  Society  in  July,  1821,  a  paper  <'0q  the  Arrangement 
Nerves.*'  In  1822  Majendie'  shewed  that  section  of  the  posterior 
used  loss  of  sensation  and  section  of  the  anterior  root  loss  of  motion : 
irvation  no  less  epoch-making  than  that  of  Bell.  Majendie  was  how- 
d  by  the  phenomena,  which  we  can  now  explain  as  due  to  recurrent 
ity  or  reflex  action,  to  believe  that  the  distinction  between  the  two 
ras  partial  only ;  and  it  was  not  till  Johannes  Miiller'  some  years 
ids  conducted  experiments  on  frogs  and  made  use  of  galvanic  stimu- 

1  Journal  de  Phytiol.  ii.  p.  376. 
*  Phyiiolofftjy  Engl.  ed.  i.  691. 
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lation,  that  the  doctrine  of  motor  and  sensory  nenres  beame  thorongfalj 
established.  The  next  great  step  was  the  establishment  of  the  theovy  of 
Keflex  Action.  Although  this  important  function  of  nervous  centiies  wis 
recognised  dimly  by  older  observers  such  as  Whytt^,  more  closely  defined  br 
Prochaska',  and  clearly  grasped  by  Johannes  Miiller  in  1833,  it  was  in- 
dependently discovered  in  1832  by  Marshall  Hall';  and  it  was  owing  to 
the  enthusiastic  labours  of  the  latter  observer  that  the  new  doctrine  was 
rapidly  accepted  and  developed.  Among  the  more  important  labours  since 
that  time  may  be  mentioned  the  remarkable  book  of  Flourens^,  the  work  of 
Longet^,  and  the  researches  of  SchifiT*,  Brown-S^nard^,  and  others.  The 
work  of  Goltz'  on  the  frog,  though  small,  contains  many  valuable  facts  and 
suggestions ;  and  an  admirable  summary  of  the  whole  physiology  of  the 
nervous  system  is  given  by  Vulpian',  to  whom  also  we  are  indebted  for 
many  valuable  observations.  The  chief  of  the  more  recent  inquiries  bare 
been  mentioned  in  the  text. 


^  On  the  Vital  and  other  Involuntary  Movement*  of  Animals,  1761. 

•  Lehrsfitze  aus  der  PhysioL  1797. 
'  More  fully  in  Phil,  trans,  1833. 

*  Rech.  Exp,  8ur  lei  Propriety  et  lei  Fonctions  du  Sytthne  Nervtux,  Ist  ed.  in  18S^ 
2nd  much  enlarged  and  containing  many  new  facts,  in  1842. 

"  Anat.  et  Phys,  du  Syithne  Nervetix,  1841, 
«  Lehrb,  d.  Phyiiol.  1858. 

7  Rech.  et  Exp,  iur  la  Phys,  de  la  moelle  Spin,  1846,  and  nmnerons  snbseqnoi 
papers. 

8  Beitrage  z,  Lehre  v.  d,  Functionen  der  Nervencentren  des  Frosehes,  1869. 
»  Lemons  tur  la  Phyi,  g^nirale  et  comparee  du  Systime  Nerveux,  1866. 
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CHAPTER  VIL 


SPECIAL  MUSCULAR  MECHANISMS. 


Sec.  1.    The  Voice. 

BLAST  of  air,  driven  by  a  more  or  less  prolonged  expiratory 

ovement,  throws  into  vibrations  two  elastic  membranes — ^the  chordce 

oales.     These  impart  their  vibrations  to  the  column  of  air  above 

em,  and  so  give  nse  to  the  sound  which  we  call  the  voice.   Since  the 

und  is  generated  in  the  vocal  cords,  we  may  speak  of  them  and  of 

ose  parts  of  the  larynx  which  decidedly  affect  their  condition  as  con- 

ituting  the  essential  vocal  apparatus  ;  while  the  chamber  above  the 

•cal  cords,  comprising  the  ventricles  of  the  larynx  with  the  false 

•cal  cords,  the  pharynx  and  the  cavity  of  the  mouth,  the  latter  vary- 

l  much  in  form,  constitute  a  subsidiary  apparatus  of  the  nature  of  a 

fonance-tube,  modifying  the  sound  originating  in  the  vocal  cords. 

the  voice,  as  in  other  sounds,  we  distinguish  :  (1)  Loudness.    This 

>ends  on  the  strength  of  the  expiratory  blast.    (2)  Pitch.     This 

ends  on  the  length  and  tension  of  the  vocal  cords.     Their  length 

r  be  regarded   as  constant,  or  varying  only  with  age.     It  con- 

icntly  determines  the  range  only  of  tne  voice,  and  not  the  par- 

ar  note  given  out  at  any  one  time.    The  shrill  voice  of  the  child 

termined  by  the  shortness  of  the  cords  in  infancy,  and  the  voices 

soprano,  tenor  and  baritone  are  all  dependent  on  the  respective 

hs  of  their  vocal  cords.     Their  tension  is  on  the  contrary  vari- 

and  the  chief  problems  connected  with  the  voice  refer  to 

ions  in  the  tension  of  the  vocal  cords.     (3)   Quality.     This 

Is  on  the  number  and  character  of  the  overtones  accompany- 

7  fundamental  note  sounded,  and  is  determined  by  a  variety  of 

stances,  chief  among  which  is  the  physical  quality  of  the  cords. 

vocal  cords,  attached  in  front  to  the  thyroid  cartilage,  end 

In  the  processus  vocales  of  the  arytenoid  cartilages.    Hence  a 

on  has  been  drawn  between  the  rima  vocalis,  t.  e.  the  opening 

latterly  by  the  vocal  cords,  and  the  rima  respiratoria,  or 

tween  the  arytenoid  cartilages  behind  the  processus  vocales; 

nes  however  are  not  free  from  objections.  In  (juiet  breathing 

)  the  two  form  together  a  Y-shaped  space,  which,  as  we  have 

64),  in  deep  inspiration  is  widened  into  a  rhomboidal  open- 
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ing  Iw  the  diveigence  of  the  processus  vocales  (fig.  64  C),  When  % 
Dote  IS  about  to  be  uttered,  the  vocal  cords  are  by  the  approxinu- 
tiua  of  the  processus  vocalea  brought  into  a  position  parallel  to  eadi 
other,  aiid  uie  whole  rima  is  narrowed  (fig.  64  A).    By  their  panl- 
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■  luna  or  TBS  LunooKMPB  n  xnmuxt  caan- 


IBB  Glottis,     (From  Q»^'b  AuatomT  Rlter  CMnnmk.) 

A.  while  singisg  a  high  note ;  it.  in  gui«t  breathing ;  C.  during  *  deep  uupn* 
tion.  The  corresponding  diagrammatia  fignrea  A',  B",  C,  illmtnte  tlia  clUAgM 
in  position  of  the  aiytenoid  <»rtilag«8,  and  the  form  cd!  the  rima  Tocalii  mJ 

rima  respiratoria  in  the  aboTe  three  conditions. 
I  the  base  of  the  tongue  ;  ;  the  npper  free  part  of  the  epiglottii ;  c'  the  tnberde  or 
cnnhion  of  the  epitjlottis ;  ph.  part  of  the  anterior  wall  of  the  phoiTni  b^dai 
tlielnryni;  w  spelling  in  the  arytenO'epiglottidean  fold  caused  by  the  oaitiljg* 
of  Writibcrg  :  (  swelling  oaused  by  the  cartilage  of  Santorini;  a  the  BQnunit  of 
the  arjtenoid  cartilBBe;  cu  the  true  vocal  eords;  eo»  the  false  Toeal  ooidii 
(r  the  trachea  with  its  rings ;  b  the  two  bronchi  at  theit  m 


lelism  and  by  the  narrowness  of  the  interval  between  them  the  cords 
jire  rendered  more  susceptible  of  being  thrown  into  vibration  by  a 
moderate  blast  of  air.  The  problems  we  have  to  consider  are,  first, 
by  what  means  are  the  cords  brought  near  to  each  other  or  drawn 
asunder  as  occasion  demands ;  and  secondly,  by  what  means  is  the 
tension  of  the  cords  made  to  vary.  We  may  speak  of  these  two 
actions  as  narrowing  or  widening  of  the  glottis,  and  tightening  or 
relaxation  of  the  vocal  cords. 
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Uttrrowing  rf  tll6  Glottis.  The  change  of  form  of  the  glottis  is 
best  understood  when  it  is  borne  in  mind  that  each  arytenoid  cartilage 
is,  when  seen  in  horizontal  section  (Fig.  64),  somewhat  of  the  form 
of  a  triangle,  with  an  internal  or  median,  an  external,  and  a  posterior 
side,  the  processus  vocalis  being  placed  in  the  anterior  angle  at  the 
junction  of  the  median  and  external  ndes.  When  the  cartilages 
are  so  placed  that  the  processus  vocales  are  approximated  to  each 
other,  and  the  internal  surfaces  of  the  cartilages  nearly  parallel,  the 
glottis  is  narrowed.  When  on  the  contrary  the  cartilages  are  wheflled 
round  on  the  pivots  of  their  articulations,  so  that  the  processus  vo- 
cales diverge,  and  the  internal  surfaces  of  the  cartilages  form  an  angle 
with  each  other,  the  glottis  is  widened. 

There  are  several  muscles  forming  together  a  group,  which  has 
been  called  by  Henle  the  sphincter  of  the  laiynx.  These  are  (1)  the 
ihynhary-epiglotticus,  proceeding  from  the  inner  surface  of  the  thyroid 
cartilage  and  from  the  arytenoid  epiglottidean  ligament,  and  sweeping 
round  the  outer  ridge  of  the  arytenoid  cartilage  of  its  own  side  to  be 
inserted,  into  the  processus  muscularis  of  the  arytenoid  cartilage  of 
the  other  side :  (2)  the  Ikyrv-arytenoideua  extemus^  passing  from  the 
reentrant  angle  of  the  thyroid  cartilage  to  be  inserted  into  the  outer 
edge  of  the  arytenoid  cartilage  of  the  same  side:  (3)  the  ihyro-^ry^ 
ienoidetis  intemus,  passing  from  the  angle  of  the  thyroid  cartilage  to 
the  processus  vocalis  and  outer  side  of  the  arytenoid  cartilage :  (4) 
the  arytenoideus  {posticus)^  passing  transversely  from  one  arytenoid 
cartilage  to  another.  All  these  muscles,  when  they  act  together, 
grasp  round  the  glottis  and  tend  to  close  it  up :  and  each  of  them, 
acting  alone,  has,  with  the  exception  of  the  last  named  (arytenoideus), 
the  same  effect  In  addition  to  these,  the  crico-arvUnoideua  IcUercUis, 
which  passes  from  the  lateral  border  of  the  cricoia  cartilage  upwards 
and  backwards  to  the  outer  angle  of  the  arytenoid,  by  pulling  this 
outer  angle  forwards  throws  the  processus  vocalis  inwwls,  and  so 
also  narrows  the  glottis. 

Widening  of  the  Glottis.  The  cnco-ar^f^7u>u2&u«  ;)o^'cu^,  passing 
firoxn  the  posterior  surface  of  the  cricoid  cartilage  to  the  outer  angle 
of  the  arytenoid  cartilage  behind  the  attachment  of  the  lateral  crico- 
arytenoideus,  pulls  back  this  outer  angle,  and  so  causing  the  processus 
yocalis  to  move  outwards,  widens  the  glottis.  The  arytenoideus 
posticus,  acting  alone,  has  a  similar  effect. 

Tisrhtemng  of  the  Vocal  Cords.    The  cnco-thyroidem  pulls  the 

ihyroia  downwards  and  forwards,  and  so  increases  the  distance  be* 
tween  that  cartilage  and  the  arytenoids  when  the  latter  are  fixed. 
Sapposing  then  the  arytenoideus  and  crico-arytenoideus  posticus  to 
fix  tne  arytenoids,  the  effect  of  the  contraction  of  the  crico-thyroideus 
wotdd  be  to  tighten  the  vocal  cords. 

Slaokening  of  the  Vocal  Cords.  This  is  effected  by  the  whole 
sphincter  group  just  mentioned,  but  more  especially  by  the  ihyro^ 

!•.  P.  ^^ 
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arytenoidei  extemus  and  intemua;  these  actiiig  alone,  sappoeing  the 
arytenoid  cartilages  to  be  fixed,  would  pull  the  thyroid  cartilage  up- 
wards and  backwards,  and  so  shorten  the  distance  between  the  |m>« 
cessus  vocales  and  that  body. 

Thus  almost  every  movement  of  the  larynx  is  effected  not  by  one 
muscle  only  but  by  several,  or  at  least  by  more  than  one,  acting  in 
concert.  The  movements  which  give  rise  to  the  voice  are  pre- 
eminently combined  and  co-ordinate  movements.  When  we  re- 
member how  a  very  slight  variation  in  the  tension  of  the  vocal  cords 
must  give  rise  to  a  marked  difference  in  the  pitch  of  the  note  uttered, 
and  yet  what  a  multitude  of  fine  differences  of  pitch  are  at  the  com- 
mand of  a  singer  of  even  moderate  ability,  it  appears  exceedingly 
probable  that  the  various  muscular  combinations  required  to  produce 
the  possible  variations  in  pitch  are  of  such  a  kind  that  frequently  a 
part  only,  possibly  a  few  fibres  only,  of  a  particular  muscle,  may  be 
thrown  into  contraction,  while  all  the  rest  of  the  muscle  remains 
quiet.  Taking  into  view  moreover  the  great  range  of  pitch  possessed 
by  even  common  voices,  as  compared  with  the  possible  vanations  d 
tension  of  which  the  vocal  cords  in  their  natural  length  are  capable, 
it  has  been  suggested  that  some  of  the  fibres  of  the  thyro-arytenoi- 
deus  internus,  which  passing  either  from  the  thyroid  or  from  the 
arytenoid,  appear  to  end  in  the  vocal,  cords  themselves,  may,  by 
fixing  particular  points  of  the  cords,  so  to  speak,  'stop*  them;  and  1^ 
thus  artificially  shortening  the  length  actually  thrown  into  vibration, 
produce  higher  notes  than  the  cords  in  their  natural  length  are 
capable  of  producing.  It  has  been  also  suggested  that  the  processus 
vocales  may  overlap  each  other,  and  thereby  shorten  the  length 
of  cord  available  for  vibration \ 

These  various  muscles  are  supplied  by  the  vagus  nerve,  or  rather 
by  spinal  accessory  fibres  running  in  the  vagus-trunk.  The  superior 
laryngeal  is  the  afferent  nerve  supplying  the  mucous  membrane.  Wit 
also  contains  the  motor  fibres  distributed  to  the  crico-thyroid  muscle; 
hence  when  this  nerve  is  divided  on  one  side  the  corresponding  vocal 
ccrd  is  relaxed  and  high  notes  become  impossible.  It  is  worthy  of 
notice  that  this,  the  chief  tensor,  and  therefore  the  most  important, 
muscle  of  the  larynx,  has  a  separate  and  distinct  nervous  supply. 

According  to  some  authors  the  arytenoideus  posticus  also  reoeives  its 
nervous  supply  from  this  nerve ;  but  this  is  denied  by  Schech^ 

The  inferior  laryngeal  or  recurrent  branch  supplies  all  the  other 
muscles.  When  this  nerve  is  divided  the  voice  is  lost,  since  the 
approximation  and  parallelism  of  the  vocal  cords  can  no  longer  be 
effected.  When  in  a  living  animal  both  recurrent  nerves  are  divided, 
the  glottis  is  seen  to  become  immobile  and  partially  dilated,  the  vocal 
cords  assuming  the  position  in  which  they  are  found  in  the  body  after 
death,  and  which  may  be  considered  as  the  condition  of  equilibrium 

1  Gf.  nuiilmann,  Wien.  SiUungsbericht,  LXix.  (1874)  p.  257. 
«  Zt.  /.  Biol.  IX.  p.  258. 
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between  the  dilating  and  constricting  muscled.  During  forcible  inspi- 
ration the  glottis  passes  from  this  condition  in  the  direction  of  more 
complete  dilation ;  during  forcible  expiration,  the  change  is  one  of 
constriction.  When  the  peripheral  portion  of  one  recurrent  nerve  is 
stimulated,  the  vocal  cord  of  the  same  side  is  approximated  to  the 
middle  line ;  when  both  nerves  are  stimulated,  the  vocal  cords  are 
brought  together  and  the  glottis  is  narrowed.  Though  the  nerve  is 
distributed  to  both  dilating  and  constricting  muscles,  the  latter  over- 
come the  former  when  the  nerve  is  artificially  stimulated.  In  the 
complete  enclosure  of  the  glottis,  which  is  so  important  a  part  of  the 
act  of  coughing  (p.  309),  the  group  of  muscles  which  we  have  spoken 
of  as  constituting  a  sphincter  is  thrown  into  forcible  contractions  by 
the  recurrent  laryngeal  nerve. 

Though  fundamentally  a  volimtary  act,  the  utterance  of  a  given 
note  is  not  affected  by  the  direct  passage  of  simple  volitional  impulses 
down  to  the  larjmgeal  muscles.  So  complex  and  co-ordinate  a  move- 
ment as  that  of  sounding  even  a  simple  and  natural  note,  requires  a 
coordinating  nervous  mechanism  in  which, as  in  other  complex  muscular 
actions,  afferent  impulses  play  an  important  part.  Auditory  sensa- 
tions, if  not  as  important  for  an  accurate  management  of  the  voice  as 
are  visual  sensations  for  the  movements  of  the  eye,  are  yet  of  prime 
importance.  This  is  recognized  when  we  say  that  such  and  such  a 
one  whose  power  over  his  laryngeal  muscles  is  imperfect,  'has  no  ear.' 

The  *  falsetto'  voice  is  one  not  at  present  clearly  understood.  According 
to  some  authors  the  vocal  cords  are  seen  to  be  wide  apart  when  falsetto 
notes  are  uttered,  and  not  close  and  parallel  as  in  the  ordinary  voice. 
Hence  for  the  development  of  these  notes,  a  stronger  blast  of  air  and  a 
greater  effort  are  required.  When,  as  in  an  ordinary  full  voice,  the  glottis 
is  very  narrow,  the  trachea  and  bronchi  serve  the  purpose  of  a  resonance 
chamber ;  hence  such  a  voice  is  spoken  of  as  a  *  chest  *  voice.  In  the  falsetto 
voice,  where  the  vocal  cords  are  wide  apart,  this  fimction  of  the  air-tubes  is 
in  abeyance.  This  view  is  combated  by  Yacher^,  who,  from  observations  on 
himself  has  come  to  the  conclusion  that  the  glottis  is  narrowed  in  both  kinds 
of  notes,  the  cords  vibrating  along  their  whole  length  in  the  chest  notes,  and 
along  their  anterior  portions  only  in  the  high  falsetto  notes.  According  to 
him,  therefore,  the  high  notes  are  the  result  of  a  '  stopping '  of  the  vocal 
cords,  but  whether  this  is  effected  by  the  action  of  the  thyro-ary  tenoideus 
intemus  spoken  of  above,  must  be  left  at  present  uncertain.  Johannes 
Miiller  was  of  opinion  that  in  the  falsetto  notes  the  edges  only  of  the  vocal 
cord  vibrate,  while  in  the  chest  notes  the  whole  width  of  each  cord  is 
involved.  It  is  exceedingly  probable  that  the  falsetto  notes  are  pro- 
duced by  some  muscidar  manoeuvre,  since  they  may  by  exorcise  be  uttered 
with  comparative  ease.  The  change  from  the  chest  to  the  falsetto  range 
is  an  abrupt  one,  and  the  combined  range  may  be  very  extensive,  as  in 
the  case  of  persons  who  can  carry  on  a  duet,  singing  alternately  for  in- 
stance, in  a  tenor  (chest)  and  a  soprano  (falsetto)  voice.  According  to 
Yacher  the  rima  respiratoria  is  always  completely  closed  during  singing, 
whether  chest  or  falsetto  notes,  and  not  as  Mandl  thought  in  the  latter  only, 

1  De  la  Voix,  Paris,  1877. 
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The  yentricles  of  Moi^^agni  are  apparently  of  Bfle  in  giving  tlie  ToaJ 
cords  sufficient  room  for  &eir  yibrations.  The  purpose  of  the  fidae  vocal 
cords  is  not  exactly  known.  Some  authors  think  that  in  the  fidsetto 
Yoioe  they  are  brought  down  into  contact  with,  and  thus  senre  to  stop^  the 
true  vocal  cords. 

At  the  age  of  puberty  a  rapid  development  of  the  larynx  takes  ]^aoe, 
leading  to  a  change  in  the  range  of  the  voice.  The  peculiar  handmesB 
of  the  voice  when  it  is  thus  '  breaking '  seems  to  be  due  to  a  temporaiy 
congested  and  swollen  condition  of  the  mucous  membrane  of  the  vocal  ccnds 
accompanying  the  active  growth  of  the  whole  larynx.  The  change  in  tlie 
mucous  membrane  may  come  on  quite  suddenly,  the  Toioe  *  breaking 'for 
instance  in  the  course  of  a  night. 


Sec.  2.    Speech. 

Every  sound,  or  every  note  (for  all  vocal  sounds  are  musical  sounds, 
when  considered  by  themselves)  caused  by  the  vibrations  of  the  vocal 
cords,  besides  its  loudness  due  to  the  force  of  the  expiratory  blast,  and 
its  pitch  due  to  the  tension  of  the  cords,  has  a  quality  of  its  own,  doe 
to  the  number  and  relative  prominence  of  the  overtones  which  accom- 
pany the  fundamental  tone.  Some  of  these  features  which  make  np 
the  quality  are  imposed  on  the  note  by  the  nature  of  the  vocal  cords, 
but  still  more  arise  from  various  modifications  which  the  relative 
intensities  of  the  overtones  undergo  through  the  resonance  of  the  cavity 
of  the  mouth  and  throat.  Whenever  we  hear  a  note  sounded  by  the 
larynx  we  are  able  to  recognize  in  it  features  which  enable  us  to  state 
that  one  or  other  of  the  'vowels'  is  being  uttered*  Vowel  sounds  are 
in  fact  only  extreme  cases  of  quality,  extreme  prominence  of  certain 
overtones  brought  about  by  the  shape  assumed  by  the  buccal  and 
pharyngeal  passages  and  orifices,  as  the  vibrations  pass  through  them. 
Each  vowel  has  its  appropriate  and  causative  disposition  of  these  parts. 
When  i  (ee  in  feet)  is  sounded,  the  sounding-tube  of  the  upper  air 
passages  is  made  as  short  as  possible,  the  larynx  is  raised  and  the 
lips  are  retracted,  the  whole  cavity  of  the  mouth  taking  on  the  form 
of  a  broad  flask  with  a  narrow  neck.  During  the  giving  out  of  t 
(a  in  fat)  the  shape  of  the  mouth  is  similar,  but  somewhat  longer. 
For  the  production  of  a  (as  in  father)  the  mouth  is  widely  open,  so 
that  the  buccal  cavity  is  of  the  shape  of  a  funnel  with  the  apex  at  the 
pharynx.  With  o,  the  buccal  cavity  is  again  flask-shaped,  with  the 
mouth  more  closed  than  in  a,  but  the  lips,  instead  of  being  retracted 
as  in  i  and  e,  are  somewhat  protruded,  so  that  the  sounding  tube  is  pn>- 
longed.  The  greatest  length  of  the  tube  is  reached  in  u  (oo),  in  which 
the  larynx  is  depressed  and  the  lips  protruded  as  much  as  possible. 
While  the  two  latter  vowels  are  being  uttered,  the  general  form  of 
the  buccal  cavity  is  that  of  a  flask  with  a  short  neck  and  a  small 
opening,  the  orifice  being  smaller  for  u  than  for  o. 
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Each  of  these  Tarious  ^  vowel '  forms  of  the  mouth  possesses  a  note  of 
its  own,  one  towards  which  it  acts  as  a  resonance  chamb^.  Thus  if  several 
tuning-forks  of  various  pitch  be  held  while  sounding  before  a  mouth  which 
has  assumed  the  particular  form  necessary  for  sounding  TJ,  it  will  be  found 
that  the  resonance  will  be  particularly  great  with  the  fork  having  the  pitch 
ckf  the  bass  6-jQat.  Similarly  the  pitch  of  the  treble  h  will  be  more  intensified 
by  the  mouth  moulded  to  sound  O,  the  octave  h  above  the  treble  will  cor- 
respond to  Ay  another  octave  higher  to  E,  and  still  an  octave  higher  to 
L  And  it  is  the  experience  of  singers  that  each  vowel  is  sung  widi  pecu- 
liar ease  on  a  note  having  a  prominent  overtone  corresponding  to  the  tone 
proper  to  the  mouth  when  moulded  to  utter  the  voweL  The  precise  nature 
of  liie  vowel  sounds  however  requires  further  investigation. 

As  the  vibrations  are  travelling  through  the  pharyngeal  and  buccal 
cavities,  the  posterior  nares  are  closed  by  the  soft  palate ;  and  it  may 
be  shewn,  by  holding  a  flame  before  the  nostril,  that  no  current 
of  air  issues  from  the  nose  when  a  vowel  is  properly  said  or  sung. 
When  the  posterior  nares  are  not  effectually  closed  the  sound  ac- 
quires a  nasal  character.  The  same  happens  when  the  anterior 
naies  are  closed,  as  when  the  nose  is  held  between  the  fingers,  the 
nasal  chamber  then  forming  a  cavity  of  resonance. 

Yowels  are,  as  their  name  implies,  the  only  real  vocal  sounds ;  it 
is  only  on  a  vowel  that  a  note  can  be  said  or  sung.  Our  speech 
however  is  made  up  not  only  of  vowels  but  also  of  consonants,  t.  e. 
of  sounds  which  are  produced  not  by  the  vibrations  of  the  vocal  cords 
hat  by  the  expiratory  blast  being  in  various  ways  interrupted  or 
otherwise  modified  in  its  course  through  the  throat  and  mouth. 

The  distinction  between  the  two  is  however  not  an  absolute  one, 
since,  as  we  have  seen,  the  characters  of  the  several  vowels  depend  on 
the  form  of  the  month,  and  in  the  production  of  some  consonants 
(B,  D,  M,  N,  &C.)  vibrations  of  the  vocal  cords  form  a  necessary  though 
adjuvant  factor. 

Consonants  have  been  classified  according  to  the  place  at  which 
the  characteristic  interruption  or  modification  takes  place.  Thus  it 
may  occur, 

1.  At  the  lips,  by  the  movement  or  position  of  the  lips  in  refer- 
ence to  each  other  or  to  the  teeth,  giving  rise  to  labial  consonants. 

2.  At  the  teeth,  by  the  movement  or  position  of  the  front  part 
of  the  tongue  in  reference  to  the  teeth  or  the  hard  palate^  giving  rise 
to  dental  consonants. 

3.  In  the  throat,  by  the  movement  or  position  of  the  root  of  the 
tongue  in  reference  to  the  soft  palate  or  pharynx,  giving  rise  to  gtii- 
tural  consonants. 

Among  the  dentals  iMgedn  may  be  distinguished  the  dentals  com- 
monly so  called,  such  as  T,  the  sibihmts  such  as  S,  and  the  lingual  L, 
all  differing  in  the  relative  position  of  the  tonguoi  teeth,  and  pdate. 
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Consonants  maj  also  be  classified  aocording  to  the  character  of 
the  movements  which  give  rise  to  them.  Thus  they  may  be  either 
explosive  or  continuous. 

1.  Exjplosives.  In  these  the  characters  are  given  to  the  sound 
by  the  sudden  establishment  or  removal  of  the  appropriate  intermp- 
tion.  Thus,  in  uttering  the  labial  P,  the  lips  are  first  closed,  then  an 
expiratory  current  of  air  is  driven  against  them,  and  upon  their  being 
suddenly  opened,  the  sound  is  generated.  Siniilarly,  the  dental  T  is 
generated  by  the  sudden  removal  of  the  intemipticxi  caused  by  the 
approximation  of  the  tip  of  the  tongue  to  the  front  of  the  hard 
palate,  and  the  guttural  K  by  the  sudden  removal  <^  the  interruption 
"".aused  by  the  approximation  of  the  root  of  the  tongue  to  the  soft 
palate. 

The  labial  B  differs  from  P,  inasmuch  as  it  is  accompanied  hy 
vibrations  of  the  vocal  cords  (that  is,  a  vowd  sound  is  uttered  at  the 
same  time),  and  these  vibrations  continue  after  the  removal  of  the 
interruption.  Hence  B  is  often  spoken  of  as  being  uttered  with 
voice  and  P  without  voice ;  and  D  and  Q  (hard)  with  voice  betf 
the  same  relation  to  T  and  K  without  voice. 

The  continuous  consonants  may  further  be  divided  into 

2.  Aspirates.  In  these  the  sound  is  generated  by  a  rush  of  air 
through  a  constricticm  formed  by  the  partial  closure  of  the  lips,  or  hy 
the  raising  of  the  tongue  against  the  hard  or  soft  palate,  &a  Thus 
F  is  sounded  when  the  lips  are  brought  into  partial,  and  not  as  in  P 
and  B  into  complete  approximation,  and  a  current  of  air  is  driven 
through  the  narrowed  opening.  F  is  uttered  without  any  accompany- 
ing vibration  of  the  vocal  cords^  i.e.  without  voice.  With  voice  it 
becomes  V. 

The  sibilant  S  is  farmed  by  a  rush  of  air  past  an  obstruction  caused 
by  the  partial  closure  of  the  teeth,  the  front  of  the  tongue  being 
depressed  at  the  same  time;  and  S  accompanied  with  vibrations (^ 
the  vocal  cords  becomes  Z. 

In  Sh  the  dorsal  surface  of  the  tongue  is  raised  so  as  to  narrow 
the  passage  between  that  organ  and  the  palate  for  a  considerable 
portion  of  its  length. 

Th  is  formed  by  placing  the  tongue  between  the  two  partially 
open  rows  of  teeth  ;  and  the  hard  and  soft  Th  bear  to  each  other  the 
same  relation  as  do  P  and  B. 

L  is  produced  when  the  passage  is  closed  in  the  middle  by 
pressing  the  tip  of  the  tongue  against  the  hard  palate  and  the  air  is 
allowed  to  escape  at  the  sides  of  the  tongue. 

When  the  constriction  in  an  aspirate  is  formed  by  the  approxi- 
mation of  the  root  of  the  tongue  to  the  soft  palate,  we  have  the  gut- 
tural CH  (as  in  loch)  without  voice  and  GH  (as  in  lough)  with 
voice. 

3.  Resonants.  In  these,  all  of  which  must  have  vibrations  of  the 
v6cal  cords  as  a  basis,  the  usual  passage  through  the  mouth  is  closed 


hl]      special  muscular  mechanisms.  53a 

in  a  labial,  dental,  or  guttural,  fashion  and  the  peculiar 
;er  is  given  to  the  sound  by  the  nasal  chambers  acting  as  a 
ice  cavity.  Thus  in  M,  the  passage  is  closed  by  the  approxi- 
.  of  the  lips,  in  N,  by  the  approximation  of  the  tongue  to  the 
»alate,  and  in  NG  by  the  approximation  of  the  root  of  the 

to  the  soft  palate. 

The  various  forms  of  R  are  often  spoken  of  as  vibratory,  the 
beristic  sounds  being  caused  by  the  vibration  of  some  or  other 

parts  forming  a  constriction  in  the  vocal  passage.  Thus  the 
ry  R  is  produced  by  vibrations  of  the  point  of  the  tongue 
id  against  the  hard  palate,  the  guttural  R  by  the  vibrations 
uvula  or  other  parts  of  the  walls  of  the  pharynx ;  and  in  some 
ges  there  seems  to  be  an  R  produced  by  the  vibrations  of  the 

is  caused  by  the  rush  of  air  through  the  widely  open  glottis. 

in  sounding  a  vowel,  the  sound  is  begun  by  a  sudden  change 

position  of  the  vocal  cords  from  one  of  divergence  to  one  of 

imation,  the  vowel  is  pronounced  with  the  spiritiLS  asper. 

the  vocal  cords  are  brought  together  before  the  blast  of  air 

,  the  vowel  is  pronounced  with  the  spiritua  lenis.    The  Arabic 

)roduced  by  closing  the  rima  vocalis,  the  epiglottis  and  false 

X)rds  being  depressed,  and  sending  a  blast  of  air  through  the 

aspiratoria. 

many  of  the  above  points  however,  there  are  great  differences 
lion,  the  discussion  of  which  as  well  as  of  other  more  rare  con- 
al  sounds  would  lead  us  too  far  away  from  the  purpose  of  this 

The  following  tabular  statement  must  therefore  be  regarded 
oduced  for  convenience  only. 

SIVES.    LdbiaU,    without  voice, P. 

„         with  voice,  B. 

Dentals,    without  voice, T. 

„         with  voice,  D. 

GuUurais,  without  voice, K. 

„         with  voice,  Q  (hard). 

ITES.     Labials,     without  voice, F. 

with  voice.   V. 

Dentals,     without  voice, S,  L,  Sh,  Th  (hard). 

„         with  voice,  Z,  Zh  (in  ajrure,  the 

French  j),  Th  (soft). 

Gutturals,  without  voice, CH  (as  in  loch), 

„         with  voice, GH  (as  in  lough). 

AKTS.     Labial,      M. 

Dental,      N. 

Outtural,  NG. 

TOBT.    Labial,     not  known  in  European  speech. 
Dental,      R  (conmion). 
Guttural,  R  (guttural;. 
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Whispering  is  speech  without  any  employment  of  the  yocal  ocnds, 
and  is  efi^cted  chiefly  by  the  lips  and  tongue.  Hence  in  whi^ering 
the  distinction  between  consonants  needing  and  those  not  needbg 
voice,  such  as  B  and  F,  becomes  for  the  most  part  lost. 


Sec.  3.    Locomotor  Mechanisms. 

The  skeletal  muscles  are  for  the  most  part  arranged  to  act  on  the 
bones  and  cartilages  as  on  levers,  examples  of  the  first  kind  of  lever 
being  rare,  and  those  of  the  third  kind,  where  the  power  is  applied 
nearer  to  the  fulcrum  than  i&  the  weieht^  being  more  common  than 
the  second.  This  arises  from  the  fact  tnat  the  movements  of  the  body 
are  chiefly  directed  to  moving  comparatively  light  weights  through  a 
great  distance,  or  through  a  certain  distance  with  great  precision, 
rather  than  to  moving  heavy  weights  through  a  short  distance.  The 
fulcrum  is  generally  supplied  by  a  (perfect  or  imperfect)  joint,  and 
one  end  of  the  acting  muscle  is  made  fast  by  being  attachea  either  to 
a  fixed  point,  or  to  some  point  rendered  fixed  for  the  time  being  hj 
the  contraction  of  other  muscle&  There  are  few  movements  of  die 
body  in  which  one  muscle  only  is  concerned ;  in  the  majority  of  cues 
several  muscles  act  together  in  concert;  nearly  all  our  movements  are 
coordinate  movements.  Where  gravity  or  the  elastic  reaction  of  the 
parts  acted  on  do  not  afford  a  sufficient  antagonism  to  the  con- 
traction of  a  muscle  or  group  of  muscles,  the  return  to  the  condition 
of  equilibrium  is  provided  for  by  the  action  either  elastic  or  contrac- 
tile of  a  set  of  antagonistic  muscles ;  this  is  seen  in  the  case  of  the 
face. 

The  erect  posture,  in  which  the  weight  of  the  body  is  borne  I7 
the  plantar  arches,  is  the  result  of  a  series  of  contractions  of  the 
muscles  of  the  trunk  and  legs,  having  for  their  object  the  keeping  the 
body  in  such  a  position  that  the  line  of  gravity  falls  within  the  area  of 
the  feet.  That  this  does  require  muscular  exertion  is  shewn  by  the 
facts,  that  a  person  when  standing  perfectly  at  rest  in  a  completely 
balanced  position  falls  when  he  becomes  unconscious,  and  that  a  dead 
body  cannot  be  set  on  its  feet.  The  line  of  gravity  of  the  head 
falls  in  front  of  the  occipital  articulation,  as  is  shewn  by  the  nodding 
of  the  head  in  sleep.  The  centre  of  gravity  of  the  combined  head 
and  trunk  lies  at  about  the  level  of  the  ensiform  cartilage,  in  front  d 
the  tenth  dorsal  vertebra,  and  the  line  of  gravity  drawn  from  it  passes 
behind  a  line  joining  the  centres  of  the  two  hip-joints,  so  that  the 
erect  body  would  fall  backward  were  it  not  for  the  action  of  the 
muscles  passing  from  the  thighs  to  the  pelvis  assisted,  by  the  anterior 
ligaments  of  the  hip-joints.  The  line  of  gravity  of  the  combined 
head,  trunk  and  thighs  falls  moreover  a  little  behind  the  knee-joints, 
so  that  some,  though  little,  muscular  exertion  is  required  to  prevent 
the  knees  from  being  bent.  Lastly,  the  line  of  gravity  of  the  whole 
body  passes  in  front  of  the  line  drawn  between  the, two  ankle-joints, 
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the  centre  of  gravity  of  the  whole  body  being  placed  at  the  end  of  the 
sacrum ;  hence  some  exertion  of  the  muscles  of  the  calves  is  required 
to  prevent  the  body  falling  forwards. 

In  waUdngy  there  is  in  each  step  a  moment  at  which  the  body 
rests  vertically  on  the  foot  of  one,  say  the  right  leg,  while  the  other, 
the  left  leg,  is  inclined  obliquely  behind  with  the  heel  raised  and  the 
toe  resting  on  the  ground  The  left  leg,  slightly  flexed  to  avoid 
contact  with  the  ground,  is  then  swung  forward  like  a  pendulum, 
the  length  of  the  swing  or  step  being  determined  by  the  length  of  the 
1^ ;  and  the  left  toe^  is  brought  to  the  ground.  On  this  left  toe  as 
a  fiilcrum,  the  body  is  moved  forward,  the  centre  of  gravity  of  the 
body  describing  a  curve  the  convexity  of  which  is  upward,  and  the 
left  leg  necessarily  becoming  straight  and  rigid.  As  the  body  moves 
forward,  a  point  will  be  reached  similar  to  that  with  which  we  sup- 
posed the  step  to  be  started,  the  body  resting  vertically  on  the  left 
foot,  and  the  right  leg  being  directed  behind  in  an  oblique  position. 
The  movement  on  the  left  foot  however  carries  the  body  beyond  this 

Kint,  and  in  doing  so  swings  the  right  leg  forward  until  it  is  the 
igth  of  a  step  in  advance  of  its  previous  position,  and  its  toe  in 
torn  forms  a  fulcrum  on  which  the  body,  and  with  it  the  left  leg, 
is  a^ain  swung  forward.  Hence  in  successive  steps  the  centre  of 
gravity,  and  with  it  the  top  of  the  head,  describes  a  series  of  con- 
secutive curves,  with  their  convexities  upwards,  very  similar  to  the 
line  of  flight  of  many  birds. 

Since  in  standing  on  both  feet  the  line  of  gravity  falls  between 
the  two  feet,  a  lateral  displacement  of  the  centre  of  gravity  is  ne- 
cessary in  order  to  balance  the  body  on  one  foot  Hence  in  walking 
the  centre  of  gravity  describes  not  onlv  a  series  of  vertical,  but  also 
a  series  of  horizontal  curves,  inasmuch  as  at  each  step  the  line  of 
gravity  is  made  to  fall  alternately  on  each  standing  foot  While  the 
feft  le^  is  swinging,  the  line  of  gravity  falls  within  the  area  of  the 
right  foot^  and  die  centre  of  gravity  is  on  the  right  side  of  the  pelvis. 
As  the  left  foot  becomes  the  standing  foot,  the  centre  of  gravity  is 
shifted  to  the  left  side  of  the  pelvis.  The  actual  curve  described  by 
the  centre  of  gravitv  is  therefore  a  somewhat  complicated  one,  being 
composed  of  vertical  and  horizontal  factors.  The  natural  step  is  the 
one  which  is  determined  by  the  length  of  the  swinging  leg,  since  this 
acts  as  a  pendulum ;  and  hence  the  step  of  a  long-legged  person  is 
naturally  longer  than  that  of  a  person  with  short  legs.  The  length 
of  the  step  however  may  be  diminished  or  increased  by  a  direct 
muscular  effort,  as  when  a  line  of  soldiers  keep  step  in  spite  of  their 
having  legs  of  different  lengtha  Such  a  mode  of  marching  must 
obviously  be  fatiguing,  inasmuch  as  it  involves  an  unnecessary  ex- 
penditure of  energy. 

In  slow  walking  there  is  an  appreciable  time  during  which,  while 

>  TUi  indlMtei  perhapt  what  Bhonld  be  done  rather  than  the  aotoal  praotioe;  most 
paople  pot  the  heel  to  the  groond  first,  the  contact  with  the  toe  coming  later* 
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one  foot  is  already  in  position  to  serve  as  a  fulcrum,  the  other, 
swinging,  foot  has  not  yet  left  the  ground.  In  fast  walking  this 
period  is  so  much  reduced,  that  one  foot  leaves  the  ground  the 
moment  the  other  touches  it ;  hence  there  is  practically  no  period 
during  which  both  feet  are  on  the  ground  together. 

When  the  body  is  swung  forward  on  the  one  foot  acting  as  a 
fulcrum  with  such  energy  that  this  foot  leaves  the  ground  before  the 
other,  swinging,  foot  has  reached  the  ground,  there  being  an  interval 
during  which  neither  feet  are  on  the  ground,  the  person  is  said  to 
be  nmningy  not  walking. 

In  jumping  this  propulsion  of  the  body  takes  place  on  both 
feet  at  the  same  time ;  in  hopping  it  is  effected  on  one  foot  only. 

The  locomotion  of  four-footed  animals  is  necessarily  more  com- 

Elicated  than  that  of  man.  The  simple  walk,  such  as  that  of  the 
orse,  is  executed  in  four  times,  with  a  diagonal  succession:  thus, 
right  fore  leg,  left  hind  leg,  left  fore  leg,  right  hind  leg.  In  the 
amble,  such  as  that  of  the  camel,  the  two  feet  of  the  same  side  are 

Eut  down  at  one  and  the  same  time,  this  movement  being  followed 
y  a  similar  movement  of  the  other  two  legs;  it  corresponds  therefore 
very  closely  to  human  walking.  In  the  trot,  which  corresponds  to 
human  running,  the  two  diagonally  opposite  feet  are  brought  to  the 
ground  at  the  same  time,  and  the  body  is  propelled  forwards  on 
them.  Of  the  gallop  and  canter  there  are  many  varieties,  and  the 
movements  become  very  complicated^. 

The  other  problems  connected  with  the  action  of  the  various 
skeletal  muscles  of  the  body  are  too  special  to  be  considered  here. 

^  See  Marey,  La  Machine  Animale  (1876). 
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THE  TISSUES  AND  MECHANISMS  OF  REPRODUCTION. 

Many  of  the  individual  constituent  parts  of  the  body  are  capable 
of  reproduction,  %,e.  they  can  give  rise  to  parts  like  themselves;  or  they 
are  capable  of  regeneration,  i.e.  their  places  can  be  taken  by  new 
parts  more  or  less  closely  resembling  themselves.  The  elementary 
tissues  undergo  during  life  a  very  Targe  amount  of  regeneration. 
Thus  the  old  epithelium  scales  which  fail  away  from  the  surface  of 
the  body  are  succeeded  by  new  scales  from  the  underljring  layers  of 
the  epiaermis ;  old  blood  corpuscles  give  place  to  new  ones ;  worn  out 
muscles,  or  those  which  have  failed  from  disease,  are  renewed  by  the 
accession  of  firesh  fibres ;  divided  nerves  grow  again ;  broken  Dones 
are  united ;  connective  tissue  seems  to  disappear  and  appear  almost 
without  limit ;  new  secreting  cells  take  the  place  of  the  old  ones 
which  are  cast  off;  in  fact,  with  the  exception  of  some  cases,  such  as 
cartilage,  and  these  doubtful  exceptions,  all  those  fundamental  tissues 
of  the  body,  which  do  not  form  part  of  highly  differentiated  organs, 
are,  within  limits  fixed  more  by  bulk  than  by  anything  else,  capable 
of  regeneration.  That  regeneration  by  substitution  of  molecules, 
which  is  the  basis  of  all  life,  is  accompanied  by  a  regeneration  by 
substitution  of  mass. 

In  the  higher  animals  regeneration  of  whole  organs  and  members, 
even  of  those  whose  continued  functional  activity  is  not  essential  to 
the  well  being  of  the  body,  is  never  witnessed,  though  it  may  be 
seen  in  the  lower  animals ;  the  digits  of  a  newt  may  be  restored  by 

Eowth,  but  not  those  of  a  man.    And  even  partial  destruction  of 
ghly  differentiated  organs,  such  as  the  retina,  is  followed  in  the 
higher  animals  by  very  imperfect  repair. 

In  the  higher  animals  the  reproduction  of  the  whole  individual 
can  be  effectra  in  no  other  way  than  by  the  process  of  sexual  genera- 
tion, through  which  the  female  representative  element  or  ovum  is, 
under  the  mfluence  of  the  male  representative  or  spermatozoon,  de- 
veloped into  an  adult  individual 

We  do  not  purpose  to  enter  here  into  any  of  the  morphological 
problems  connected  with  the  series  of  changes  through  which  the 
ovum  becomes  the  adult  being ;  or  into  the  obscure  biological  inquiry 
as  to  how  the  simple  all  but  structureless  ovum  contains  within  itself, 
in  potentiality,  all  its  future  developments,  and  as  to  what  is  the 
essential  nature  of  the  male  action.  These  problems  and  questions 
are  fully  discussed  elsewhere;  they  do  not  properly  enter  into  a 
work  on  physiology,  except  under  the  view  that  all  biological  pro- 
blems are,  when  pushed  far  enough,  physiological  problems.  We 
shall  limit  ourselves  to  a  brief  survey  of  the  more  important  physio- 
logical phenomena  attendant  on  the  impregnation  of  the  ovum,  and 
on  the  nutrition  and  birth  of  the  embryo. 


CHAPTER  I. 


MENSTRUATION. 


From  puberty,  which  occurs  at  from  13  to  17  years  of  age,  to  the 
climacteric,  which  arrives  at  from  45  to  50  years  of  age,  Uie  human 
female  is  subject  to  a  monthly  discharge  of  ova  from  the  ovaries, 
accompanied  by  special  changes,  not  only  in  those  organs  but  also 
in  the  Fallopian  tubes  and  uterus,  as  well  as  by  general  changes  in 
the  body  at  large,  the  whole  constituting  'menstruation/  The  essen- 
tial event  in  menstruation  is  the  escape  of  an  ovum  firom  its  Graa£San 
follicle.  The  whole  ovary  at  this  time  becomes  congested,  and  the 
ripe  follicle  bulging  from  the  surface  of  the  ovary,  is  grasped  by  the 
trumpet-shaped  fringed  opening  of  the  Fallopian  tube,  itself  tuigid 
and  congested ;  by  what  mechanism  this  is  effected  is  not  exaSy 
known.  The  most  projecting  portion  of  the  wall  of  the  follicle,  whidi 
has  previously  become  excessively  thin,  is  now  ruptured,  and  the  ovum, 
which  having  left  its  earlier  position,  is  lying  dose  under  the  project- 
ing surface  of  the  follicle,  escapes,  together  with  the  cells  of  the 
discics  proligems,  into  the  Fallopian  tube.  Thence  it  travels  down- 
wards, very  slowly,  by  the  action  probably  of  the  cilia  lining  the 
tube,  though  possibly  its  progress  may  occasionally  be  assisted  by  the 
peristaltic  contractions  of  the  muscular  walls.  The  stay  of  the  ovum 
in  the  Fallopian  tube  may  extend  to  several  dajrs.  There  is  an 
effusion  of  blood  into  the  ruptured  follicle,  which  is  subsequently 
followed  by  histological  changes  in  the  coats  of  the  follicle  result- 
ing in  a  corpus  luteum.  The  discharge  of  the  ovum  is  accompanied 
not  only  by  a  congestion  or  erection  of  the  ovary  and  Fallopian 
tube,  but  also  by  marked  changes  in  the  utenis,  especially  in  the 
uterine  mucous  membrane.  While  the  whole  organ  becomes  con- 
gested and  enlarged,  the  mucous  membrane,  and  especially  the 
uterine  glands,  are  distinctly  hypertrophied.  The  swollen  internal 
surface  is  thrown  into  folds  which  almost  obliterate  the  cavity;  and  a 
hsemorrhagic  discharge,  often  considerable  in  extent,  constituting  the 
menstrual  or  catamenial  flow,  takes  place  from  the  greater  part  of  its 
surface.  The  blood  as  it  passes  through  the  vagina  becomes  some- 
what altered  by  the  acid  secretions  of  that  passage,  and  when  scanty 
coagulates  but  slightly ;  when  the  flow  however  is  considerable,  dis- 
tinct clots  may  make  their  appearance.    It  is  not  certain  that  mens- 
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truation,  in  the  human  subject  at  all  events,  is  always  accompanied 
by  a  discharge  of  aU  ovum ;  and  it  seems  probable  also  that  under 
certain  circumstances,  ew.gr.  coitus,  a  discharge  of  an  ovum  may  take 
place  at  other  times  than  at  the  menstrual  period.  Since  however 
the  time  during  which  both  the  ovum  and  the  spermatozoon  may 
remain  in  the  female  passages  alive  and  functionally  capable  is  con- 
siderable, probably  extending  to  some  days,  coitus  effected  either 
some  time  after  or  some  time  before  the  menstrual  escape  of  an  ovum 
might  lead  to  impregnation  and  subsequent  development  of  an  em- 
bryo ;  hence  the  fact  that  impregnation  may  follow  upon  coitus  at 
some  time  after  or  before  menstruation  is  no  very  cogent  argument 
in  favour  of  the  view  that  such  a  coitus  has  caused  an  independent 
escape  of  an  ovum.  The  escape  of  the  ovum  is  said  to  precede  the 
catamenial  flow\  If  no  spermatozoa  come  in  contact  with  the  ovum 
it  dies,  the  uterine  membrane  returns  to  its  normal  condition,  and 
no  trace  of  the  discharge  of  an  ovum  is  left,  except  the  corpus  luteum 
in  the  ovary. 

According  to  many  authors  the  uterine  mucous  membrane  is  actually 
shed  during  menstruation,  and  subsequently  entirely  regenerated.  Accord- 
ing to  their  view  the  haemorrhagic  discharge  is  due  to  a  positive  '  solution 
of  continuity.'  In  animals  no  discharge  of  blood,  or  a  very  scanty  one^ 
takes  place  at  'heat'  or  'rut';  hence  this  point  cannot  be  settled  by  com- 
parative studies;  and  in  the  human  subject  the  interval  which  must 
necessarily  elapse  between  death  and  examination,  is  sufficiently  long  to 
render  investigation  very  difficult.  Williams*  has  brought  forward  strong 
evidence  in  favom*  of  an  actual  loss  of  substance  taking  place.  According 
to  him,  menstruation  is  accompanied  by  a  rapid  growth  and  subsequent 
rapid  degeneration  of  the  mucous  membrane,  for  a  depth  reaching  down  to 
that  layer  of  muscular  fibres  which  passes  among  the  deeper  |>arts  of  the 
uterine  glands.  The  growth  and  degeneration  begin  at  an  abrupt  line 
near  the  cervix,  and  spread  towards  the  fundus.  The  decay  lays  bare 
small  blood-vessels,  from  which  the  hcemorrhage  takes  place. 

It  is  obvious  that  in  these  phenomena  of  menstruation  we  have 
to  deal  with  complicated  reflex  actions  affecting  not  only  the  vascular 
supply  but,  apparently  in  a  direct  manner,  the  nutritive  changes  of 
the  organs  concerned.  Our  studies  on  the  nervous  action  of  secretion 
render  it  easy  for  us  to  conceive  in  a  general  way  how  the  several 
events  are  brought  about.  It  is  no  more  difficult  to  suppose  that 
the  stimulus  of  the  enlargement  of  a  Qraaffian  follicle  causes  nutritive 
as  well  as  vascular  changes  in  the  uterine  mucous  membrane,  than  it 
is  to  suppose  that  the  stimulus  of  food  in  the  alimentary  canal  causes 
those  nutritive  changes  in  the  salivary  glands  or  pancreas  which 
constitute  secretion.  In  the  latter  case  we  can  to  some  extent  trace 
out  the  chain  of  events ;  in  the  former  case  we  hardly  know  more 
than  that  the  maintenance  of  the  lumbar  cord  is  sufficient,  as  far  as 

^  WUliams,  Proc.  Rojf.  Soe,  zxm.  489. 

*  Proe,  Bay.  Soc.  xxu.  297.    8ee  alio  his  Struct.  Muc.  Memb.  of  Uterut,  1875. 
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the  central  nervous  system  is  concerned^  for  the  carrying  on  of  the 
work.  In  the  case  of  a  dog  observed  by  Gbltz\  'heat'  or  menstnia- 
tion  took  place  as  usual^  though  the  spinal  cord  had  been  completdy 
divided  in  the  dorsal  region  while  the  animal  was  as  yet  a  mere  puppy. 

The  operation  was  performed  in  Dea  1873.  In  the  following  May  the 
animal  was  in  excellent  health,  and  there  was  not  the  slightest  indioUian 
that  any  functional  connection  between  the  dorsal  and  lumbar  portkns 
of  the  spinal  cord  had  been  reestablished.  At  the  end  of  that  mcmth 
*  heat '  came  on,  attended  by  all  the  ordinary  phenomena  psychical  as  well  aa 
physicaL  Impregnation  was  effected  and  the  animal  became  gravid.  Thd 
pregnancy,  like  the  heat,  was  marked  by  all  the  usual  signs ;  the  mammaiy 
glands  enlarged,  and  the  usual  mental  accompaniments  of  the  conditioB 
were  present.  Finally,  one  living  and  two  dead  puppies  were  bom,  tlia 
first  without  and  the  latter  two  with  assistance ;  the  mother  however  eank 
soon  aflerwards  £tx>m  puerperal  peritonitis.  The  post-mortem  ft^<Mff^^«^«» 
shewed  that  there  had  been  no  regeneration  of  the  divided  spinal  cord;  the 
two  portions  were  separated  by  more  than  a  centimetre. 

In  this  case  the  connection  between  the  ovaiy  on  the  one  hand  sal 
the  mammary  gland,  brain,  <fec.,  on  the  other,  must,  if  a  nervous  one,  have 
been  furnished  by  the  abdominal  sympathetic.  We  may  however  suppoas 
that  the  nexus  was  a  chemical  one ;  that  the  condition  of  ihe  ovary  and 
uterus  effected  a  change  in  the  blood,  which  in  turn  exoited  the  mammaiy 
gland  to  increased  action  and  produced  special  changes  in  the  brain. 

1  Pflttger'8  ArcUv,  n.  (187i)  p.  552. 


CHAPTER  IL 


IMPREGNATION. 


Ik  coitus  the  discharge  of  the  semen  containing  the  spermatozoa 
is  most  probably  effected  by  means  of  the  peristaltic  contractions  of 
the  vesiculse  seminales  and  vasa  deferentia,  assisted  by  rhythmical 
contractions  of  the  bulbo-cavemosus  muscle,  the  whole  being  a  reflex 
act,  the  centre  of  which  appears  to  be  in  the  lumbar  spinal  cord, 
Goltz^  has  shewn  that  in  the  dog,  emission  of  semen  can  be  brought 
about  by  stimulation  of  the  glans  penis  after  complete  division  of 
the  spinal  cord  in  the  dorsal  region.  The  emission  of  semen  is 
preceded  by  an  erection  of  the  penis.  This  we  have  already  seen^ 
p.  165,  is  in  part  at  least  due  to  an  increased  vascular  supply  brought 
about  by  means  of  the  nervi  erigentes ;  it  is  probable,  however,  that 
the  condition  is  further  secured  by  a  compression  of  the  efferent 
veins  of  the  corpora  cavernosa  by  means  of  smooth  muscular  fibres 
present  in  those  bodies.  The  semen  being  received  into  the  femalQ 
organs,  which  are  at  the  time  in  a  state  of  turgescence  resembling 
the  erection  of  the  penis,  but  less  marked,  the  spermatozoa  find 
their  way  into  the  Fallopian  tubes,  and  here  (probably  in  its  upper 
part)  come  in  contact  with  the  ovum.  In  the  case  of  some  animals 
impregnation  may  take  place  at  the  ovary  itself.  The  passage  of 
the  spermatozoa  is  most  probably  effected  mainly  by  their  own 
vibratile  activity ;  but  in  some  animals  a  retrograde  peristaltic  move« 
ment  travelling  from  the  uterus  along  the  Fallopian  tubes  has  been 
obflerve<l ;  this  might  assist  in  bringing  the  semen  to  the  ovum,  but 
inasmuch  as  these  movements  are  probably  parts  of  the  act  of  coitus 
and  impregnation  may  be  deferred  till  some  time  after  that  event, 
no  great  stress  can  be  laid  upon  them. 

The  ascent  of  the  spermatozoa  is  certainly  puzzling  if  the  cilia  of  the 
Fallopian  tubes,  which  act  from  above  downwards,  continue  their  activity 
after  the  escape  of  the  ovum.  The  spermatozoa  directly  they  come  in 
contact  with  the  ovum  become  motionless ;  this  suggests  that  the  final  cause 
of  their  activity  is  to  enable  them  to  reach  the  ovum. 

As  the  result  of  the  action  of  the  spermatozoa  on  the  ovum,  the 
latter,  instead  of  dying  as  when  impregnation  fails,  awakes  to  great 

1  PflUger*8  Archiv,  Tin.  (1874),  p.  460. 
F.  P,  ^^ 
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nutritive  activity  accompaiiied  hj  remarkable  morphological  changes; 
it  enlarges  and  developes  into  an  embryo.  No  sooner,  However,  have 
these  changes  begun  m  the  ovum  than  correlative  dianges,  brought 
about  probEtbly  by  reflex  action,  but  at  present  most  obscure  in  their 
causation,  take  place  in  the  uterus.  The  mucous  membrane  of  this 
organ,  whether  the  coitus  resulting  in  impregnation  be  ooinddent 
with  a  menstrual  period  or  not,  becomes  congested,  and  a  rapid  growth 
takes  place,  the  uterine  glands,  as  in  menstruation,  becoming  espe- 
cially largely  developed,  accompanied  by  a  rapid  proliferation  of  tbe 
subepithelisd  tissue.  Unlike  the  case  of  menstruation,  however,  this 
new  growth  does  not  give  way  to  immediate  decay  and  haemorrhage, 
but  remains ;  and  may  be  distinguished  as  a  new  temporary  lining  to 
the  uterus,  the  so-called  decidua.  Into  this  decidua  the  ovum,  on  its 
descent  from  the  Fallopian  tube,  in  which  it  has  undergone  develop- 
mental changes,  extending  most  probably  as  far  at  least  as  the  for- 
mation of  the  blastoderm  if  not  ferther,  is  received ;  and  in  this  it 
becomes  imbedded,  the  new  growth  closing  in  over  it.  Meanwhile 
the  rest  of  the  uterine  structures,  especiallv  the  muscular  tissue^ 
become  also  much  enlarged ;  as  pregnancy  advances  a  large  numher 
of  new  muscular  fibres  are  formed.  As  the  ovum  continues  to  in- 
crease in  size,  it  bulges  into  the  cavity  of  the  uterus,  canymg 
with  it  the  portion  of  the  decidua  which  has  closed  over  it  Henee- 
forward,  accordingly,  a  distinction  is  made  in  the  now  well-developed 
decidua  between  the  decidua  refleau,  or  that  part  of  the  membnne 
which  covers  the  projecting  ovum,  and  the  decidua  vera^  or  the 
rest  of  the  membrane  lining  the  cavity  of  the  uterus,  the  two  being 
continuous  round  the  base  of  the  projecting  ovum.  That  part  d 
the  decidua  which  intervenes  between  the  ovum  and  the  nearest 
uterine  wall  is  frequently  spoken  of  as  the  decidua  eerotina.  As  the 
ovum  developes  into  the  foetus  with  its  membranes,  the  deddna 
reflexa  becomes  pushed  against  the  decidua  vera;  about  the  end 
of  the  third  month,  in  the  human  subject,  the  two  come  into  com- 
plete contact  all  over,  and  ultimately  the  distinction  between  them  is 
lost.  In  the  region  of  the  decidua  serotina  the  allantoic  vessek  of 
the  foetus  develope  a  placenta.  For  an  account  of  the  various  changes 
by  which  these  events  are  brought  about,  as  well  as  of  the  history  of 
the  embryo  itself,  we  must  refer  the  reader  to  anatomical  treatises! 


CHAPTER  III. 


THE  NUTRITION  OF  THE  EMBRYO. 


G  the  development  of  the  chick  within  the  hen's  eg^  the  nu- 

material  needed  for  the  growth  first  of  the  blastoderm,  and 
uently  of  the  embryo,  is  supplied  by  the  yolk,  while  the  oxygen 
air  passing  freely  through  the  porous  shell,  gains  access  to  all 
isues  both  of  the  embryo  and  yolk,  either  directly  or  by  the 
3ntion  of  the  allantoic  vessels.  Tne  mammalian  embryo,  during 
Briod  which  precedes  the  extension  of  the  allantoic  vessels 
iie  cavities  of  the  uterine  walls  to  form  the  placenta,  must  be 
[led  by  direct  diffusion,  first  from  the  contents  of  the  Fallopian 
emd  subsequently  from  the  decidua ;  and  its  supply  of  oxygen 
K)me  from  the  same  sources.  All  analogy  would  lead  us  to  sup- 
lat,  from  the  very  first,  oxidation  is  going  on  in  the  blastodermic 
abryonic  structures ;  but  the  amount  of  oxygen  actually  with- 
from  without  is  probably  exceedingly  small  in  the  early  stages, 

that  nearly  the  whole  energy  of  the  metabolism  going  on  is 
kI  to  the  building  up  of  structures,  the  expenditure  of  energy 

form  of  either  heat  or  external  work  bein^  extremely  small, 
arked  increase  of  bulk  which  takes  place  durmg  the  conversion 

mulberry  mass  into  the  blastodermic  vesicle,  shews  that  at 
K)ch  a  relatively  speaking  large  quantity  of  water  at  least,  and 
»ly  of  nutritive  matter,  must  pass  from  without  into  the  ovum ; 
ibsequently,  though  the  blastoderm  and  embryo  may  for  some 
raw  the  material  for  their  continued  construction  at  first  hand 
.he  yolk-sac  or  umbilical  vesicle,  both  this  and  they  continue 
Ay  until  the  allantois  is  formed  to  receive  fresh  material  from 
)ther  by  direct  diffusion. 

the  thin-walled  allantoic  vessels  come  into  closer  and  fuller 
iion  with  the  maternal  uterine  sinuses,  until  at  last  in  the 
>rmed  placenta  the  former  are  freely  bathed  in  the  blood  stream- 
rough  the  latter,  the  nutrition  of  tne  embryo  becomes  more  and 
confined  to  this  special  channel.  The  blood  of  the  foetus 
I  along  the  umbilicsu  arteries  effects  exchanges  with  the  venous 
of  the  mother,  and  leaves  the  placenta  by  the  umbilical  vein 
in  oxygen  and  nutritive  material  and  poorer  in  carbonic  acid 
cretory  products  than  when  it  issued  from  the  foatus. 
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As  far  as  the  gain  of  oxygen  and  the  loss  of  carbonic  acid  aie 
concerned  these  are  the  results  of  simple  diffusion.  Venous  blood,  as 
ive  have  akeady  seen,  always  contains  a  quantity  of  oxyhsemoglobin, 
and  the  quantity  of  this  substance  present  in  the  blood  of  the 
uterine  veins  is  sufficient  to  supply  all  the  oxygen  that  the  embryo 
needs.  The  blood  of  the  fetus,  containing  less  oxygen  than  even  the 
venous  blood  of  the  mother,  will  take  up  a  certain  though  small 
quantity.  The  foetal  blood  travelling  in  the  umbilical  artery  must,  in 
proportion  to  the  extent  of  the  nutritive  changes  going  on  in  the 
embryo,  possess  a  higher  carbonic  tension  than  that  in  the  umbiUcal 
vein  or  uterine  sinus ;  and  by  diffusion  gets  rid  of  this  surplus  during 
its  stay  in  the  placenta.  The  blood  in  the  umbilical  arteries  and 
veins  is  therefore,  relatively  speaking,  venous  and  arterial  respectively, 
though  the  small  excess  of  oxyhsemoglobin  in  the  blood  of  the  umbilical 
vein^  is  insufficient  to  give  it  a  distinctly  arterial  colour,  or  to  dis- 
tinguish it  as  sharply  from  the  more  venous  blood  of  the  umbilical 
artery,  as  is  ordinary  arterial  from  ordinary  venous  blood.  Thus  the 
foetus  breathes  by  means  of  the  maternal  Uood,  in  the  same  way  that 
a  fish  breathes  by  means  of  the  water  in  which  it  dwells. 

The  blood  of  the  foetus,  according  to  Zuntz',  is  very  poor  in  luemo* 
globia  corresponding  to  its  low  oxygen  consumption.  When  the  mother  if 
asphyxiated,  the  foetus  is  asphyxiated  too,  the  oxygen  of  the  latter  pasang 
back  again  in  the  blood  of  the  former ;  and  the  asphyxia  thus  produced  in 
the  foetus  is  much  more  rapid  than  that  which  results  when  tiro  oxygen  is 
used  up  by  the  tissues  of  the  foetus  alone,  as  when  the  umbilicus  is  ligatured 
and  the  foetus  not  allowed  to  breathe. 

If  oxygen  and  carbonic  acid  thus  pass  by  diffusion  to  and  from 
the  mother  and  the  foetus,  one  might  fairly  expect  that  diffusible 
salts,  proteids,  and  carbohydrates  would  be  conveyed  to  the  latter, 
and  diffusible  excretions  carried  away  to  the  former  in  the  same  way; 
and  if  fats  can  pass  directly  into  the  portal  blood  during  ordinaiy 
digestion,  there  can  be  no  reason  for  doubting  that  this  class  of  food- 
stuffs also  would  find  its  way  to  the  foetus  through  the  placental 
structures.  We  do  know  from  experiment  that  diffusible  substances 
will  pass  both  from  the  mother  to  the  foetus,  and  from  the  foetus  to  the 
mother ;  but  we  have  no  definite  knowledge  as  to  the  exact  form  and 
manner  in  which,  during  normal  intra-uterine  life,  nutritive  materiab 
are  conveyed  to  or  excretions  conveyed  from  the  growing  young.  The 
placenta  is  remarkable  for  the  great  development  of  cellular  structures 
apparently  of  an  epithelial  nature  on  the  border-land  between  the 
maternal  and  foetal  elements ;  and  it  has  been  suggested  that  these 
form  a  temporary  digestive  and  secretory  (excretory)  organ.  But  we 
have  no  exact  knowledge  of  what  actually  does  take  place  in  these 
structures.    From  the  cotyledons  of  ruminants  may  be  obtained  a 

'  Zweifel,  Arch,  fikr  Gyniihologie,  n.  Hft.  2. 
3  PllUgcr's  Archiv,  xiv.  (1877),  p.  605. 
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white  creamy-looking  fluid,  which  from  many  features  of  its  chemical 
composition  might  be  almost  spoken  of  as  a  '  uterine  milk/ 

Speaking  broadly,  the  foetus  lives  on  the  blood  of  its  mother, 
very  much  in  the  same  way  as  all  the  tissues  of  any  animal  live 
on  the  blood  of  the  body  of  which  they  are  the  parts. 

For  a  long  time  all  the  embryonic  tissues  are  'protoplasmic'  in 
character;  that  is,  the  gradually  differentiating  elements  of  the  several 
tissues  remain  still  embedded,  430  to  speak,  in  undifferentiated  proto- 
plasm ;  and  during  this  period  there  must  be  a  general  similarity  in 
the  metabolism  going  on  in  various  parts  of  the  body.  As  differen- 
tiation becomes  more  and  more  marked,  it  obviously  would  be  an 
economical  advantage  for  partially  elaborated  material  to  be  stored  up 
in  various  foetal  tissues,  so  as  to  be  ready  for  immediate  use  when 
a  demand  arose  for  it,  rather  than  for  a  special  call  to  be  made  at 
each  occasion  upon  the  mother  for  compsi^tively  raw  material  needing 
subsequent  preparatory  changes*  Accordingly,  we  find  the  tissues  of 
the  foetus  at  a  very  early  period  loaded  with  glycogen.  The  muscles 
are  especially  rich  in  this  substance,  but  it  occurs  in  other  tissues  as 
welL  The  abundance  of  it  in  the  former  may  be  explained  partly  by 
the  fact  that  they  form  a  very  large  proportion  of  the  total  mass  of 
the  foetal  body,  and  partly  by  the  fact  that,  while  during  the  presence 
of  the  glycogen  they  contain  much  undifferentiated  protoplasm,  they 
are  exactly  the  organs  which  will  ultimately  undergo  a  laige  amount 
of  differentiation,  and  therefore  need  a  large  amount  of  material  for 
the  metabolism  which  the  differentiation  entails.  It  is  not  until  the 
later  stages  of  intra-uterine  life,  at  about  the  fifth  month,  when  it  is 
largely  disappearing  from  the  muscles,  that  the  glycogen  be^ns  to  be 
deposited  in  the  liver.  By  this  time  histological  differentiation  has 
advanced  largely,  and  the  use  of  the  glycogen  to  the  economy  has  be- 
come that  to  which  it  is  put  in  the  ordinary  life  of  the  animal;  hence 
we  find  it  deposited  in  tne  usual  place.  Besides  being  present  in  the 
festal,  glycogen  is  found  also  in  the  placental  structures;  but  here  pro- 
bablv  it  is  of  use»  not  for  the  foetus,  but  for  the  nutrition  and  growth 
of  the  placental  structures  themselves.  We  do  not  know  how  much 
carbohydrate  material  finds  its  way  into  the  umbilical  vein ;  and  we 
cannot  therefore  state  what  is  the  source  of  the  foetal  glycogen ;  but 
it  is  at  least  possible,  not  to  say  probable,  that  it  arises,  as  we  have  . 
reason  (p.  339)  to  think  it  may,  from  a  splitting  up  of  proteid  material. 

Concerning  the  rise  and  development  of  the  functional  activities 
of  the  embryo,  our  knowledge  is  almost  a  blank.  We  know  scarcely 
anything  about  the  various  steps  by  which  the  primary  fundamental 
qualities  of  the  protoplasm  of  the  ovum  are  differentiated  into  the 
complex  phenomena  which  we  have  attempted  in  this  book  to  ex- 
pound. We  can  hardly  state  more  than  that  while  muscular  con- 
tractiUty  becomes  early  developed,  and  the  heart  probably,  as  in  the 
chick,  beats  even  before  the  blood-corpuscles  are  formed,  movements 
of  the  foetus  do  not,  in  the  human  suoject,  become  pronounced  until 
after  the  fifth  month ;  from  that  time  forward  thev  mcxeaa^  bxA  ^\i^^- 
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RequeDtly  become  very  marked.  They  are  often  spoken  of  as  reflex 
in  character ;  but  only  a  preconceived  bias  would  prevent  them  from 
being  regarded  as  largely  automatic.  The  digestive  functions  are 
uatui-ally,  in  the  absence  of  all  food  from  the  alimentary  canal,  in 
abeyance;  but  the  excretory  functions  of  the  liver  are  developed  early, 
and  about  the  third  month  bile-pigment  and  bile-salts  find  their  way 
into  the  intestine.  The  (quantity  of  bile  secreted  daring  intra-uterine 
life,  accumulates  in  the  mtestine  and  especially  in  the  rectum,  form- 
ing, together  with  the  smaller  secretion  of  the  rest  of  the  canal,  and 
some  desquamated  epithelium,  the  so-called  meconium.  Bile  salts, 
both  unaltered  and  variously  changed,  the  usual  bile  pigments,  and 
cholesteriuy  are  all  present  in  the  meconium.  The  distinct  formation 
of  bile  is  an  indication  that  the  products  of  foetal  metabolism  are  no 
longer  wholly  carried  off  by  the  maternal  circulation ;  and  to  the 
excretory  function  of  the  liver  there  are  now  added  those  of  the  skin 
and  kidney.  The  substances  escaping  by  these  organs  find  their  way 
into  the  allantois  or  into  the  amnion,  according  to  the  arrangement  of 
the  fcBtal  membranes  in  different  classes  of  animals ;  in  both  these 
fluids  urea  representatives  have  been  found  as  well  as  the  ordinaiy 
saline  constituents;  the  latter  may  or  ma^  not  have  been  actual^ 
secreted.  From  the  allantoic  fluid  of  ruminants  the  body  allantdn 
has  been  obtained,  and  human  and  other  amniotic  fluids  have  been 
found  to  contain  urea. 

About  the  middle  of  intra-uterine  life,  when  the  foetal  circula- 
tion is  in  full  development,  the  blood  flowing  along  the  umbilical 
vein  is  carried  chiefly  by  the  ductus  venosus  into  the  inferior  vena 
cava  and  so  into  the  right  auricle.  Thence  it  is  directed  by  the 
valve  of  Eustachius  through  the  foramen  ovale  into  the  left  auricle^ 
passing  from  which  into  the  left  ventricle  it  is  driven  into  the 
aorta.  Fart  of  the  umbilical  blood,  however,  instead  of  passing 
directly  to  the  inferior  cava,  enters  by  the  portal  vein  into  the 
hepatic  circulation,  from  which  it  returns  to  the  inferior  cava 
by  the  hepatic  veins.  The  inferior  cava  also  contains  blood  coming 
from  the  lower  limbs  and  lower  trunk.  Hence  the  blood  which 
passing  from  the  right  auricle  into  the  left  auricle  through  the 
foramen  ovale  is  distributed  by  the  left  ventricle  through  the 
aortic  arch,  though  chiefly  blood  coming  direct  from  the  placenta, 
is  also  blood  which  on  its  way  from  the  placenta  has  passed  through 
the  liver  and  blood  derived  from  the  tissues  of  the  lower  part  of 
the  body  of  the  foetus.  The  blood  descending  as  foetal  venous 
blood  from  the  head  and  limbs  by  the  superior  vena  cava  does 
not  mingle  with  that  of  the  inferior  vena  cava,  but  falls  into 
the  right  ventricle,  from  which  it  is  discharged  through  the  ductus 
arteriosus  (Botalli)  into  the  aorta,  below  the  arch,  whence  it  flows 
partly  to  the  lower  trunk  and  limbs,  but  chiefly  by  the  umbilical 
arteries  to  the  placenta.  A  small  quantity  only  of  the  contents 
of  the  right  ventricle  finds  its  way  into  the  lungs.  Now  the  blood 
which  comes  from   the  placenta  by  the  umbilical  vein  direct  into 
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right  auricle  is,  as  far  as  the  foetus  is  concerned,  arterial 
d ;  and  the  portion  of  umbilical  blood  which  traverses  the  liver 
ably  loses  at  this  epoch  very  little  oxygen  during  its  transit 
ugh  that  gland,  the  liver  being  at  this  period  a  simple  excretory 
er  than  a  secretory  or  metabolic  organ.  Hence  the  blood  of  the 
ior  vena  cava,  though  mixed,  is  on  the  whole  arterial  blood; 
it  is  this  blood  which  is  sent  by  the  left  ventricle  through  the 
of  the  aorta  into  the  carotid  and  subclavian  arteries.  Thus  the 
[  of  the  foetus  is  provided  with  blood  comparatively  rich  in 
^n.  The  blood  descending  from  the  head  and  upper  limbs 
he  superior  vena  cava  is  distinctly  venous;  and  this  passing 
.  the  right  ventricle  by  the  ductus  arteriosus  is  driven  along  the 
ending  aorta,  and  together  with  some  of  the  blood  passing  from 
left  ventricle  round  the  aortic  arch  falls  into  the  umbilical 
ies  and  so  reaches  the  placenta.  The  foetal  circulation  then  is 
Tanged,  that  while  the  most  distinctly  venous  blood  is  driven  by 
*ight  ventricle  back  to  the  placenta  to  be  oxygenated,  the  most 
nctly  arterial  (but  still  mixed)  blood  is  driven  by  the  left  ven- 
3  to  the  cerebral  structures,  which  have  more  need  of  oxygen 
the  other  tissues.  In  the  later  stages  of  pregnancy  the  mixture 
e  various  kinds  of  blood  in  the  right  auncle  increases  prepara- 
to  the  changes  taking  place  at  birth.  But  during  the  whole  time 
itra-uterine  life  the  amount  of  oxygen  in  the  blood  passing  from 
lortic  arch  to  the  medulla  oblongata  is  sufficient  to  prevent  any 
ratory  impulses  being  originated  in  the  medullary  respiratory 
re.  This  during  the  whole  period  elapsing  between  the  date  of 
tructural  establishment,  or  rather  the  consequent  full  develop- 
b  of  its  irritability,  and  the  epoch  of  birth,  remains  dormant ;  the 
en-supply  to  the  protoplasm  of  its  nerve-cells  is  never  brought  so 
as  to  set  going  the  respiratory  molecular  explosions.  As  soon 
3ver  as  the  intercourse  between  the  maternal  and  umbilical  blood 
terrupted  by  separation  of  the  placenta  or  by  ligature  of  the  um- 
sd  cord,  or  when  in  any  other  way  arterial  blood  ceases  to  find 
uy  by  the  left  ventricle  to  the  medulla  oblongata,  the  supply  of 
:en  in  the  respiratory  centre  sinks,  and  when  the  fall  has  reached 
tain  point  an  impulse  of  inspiration  is  generated  and  the  foetus 
he  first  time  breathes.  When  this  first  inspiratory  movement  is 
e,  as  under  normal  circumstances  it  is,  with  free  access  to  air, 
ungs  are  expanded,  and  the  scanty  supply  of  blood  which  at  the 
lent  was  passing  along  the  pulmonary  artery  from  the  right 
ricle  returns  to  the  left  auricle  brighter  and  richer  in  oxygen 
.  ever  was  the  foetcd  blood  before.  With  the  diminution  of  re- 
nce  in  the  pulmonary  circulation  caused  by  the  expansion  of  the 
8,  a  larger  supply  of  blood  passes  into  the  pulmonary  artery 
Ad  of  into  the  ductus  artenosus,  and  this  derivation  of  the 
ents  of  the  right  ventricle  increasinc;  with  the  continued  respi- 
ry  movements,  the  current  through  t£e  latter  canal  at  last  ceases 
pether,  and  its  channel  shortly  i^ter  birth  beoomea  o\:^i\AT^^A.^ 
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CorrespondiDg  to  the  greater  flow  into  the  pulmonary  artety,  a  larger 
and  larger  quantity  of  blood  returns  from  the  pulmonaiy  veins  into 
the  left  auricle.  At  the  same  time  the  current  through  the  ductus 
venosus  from  the  umbilical  vein  having  ceased^  the  flow  from  the 
inferior  cava  has  diminished;  and  the  blood  of  the  right  auricle 
finding  little  resistance  in  the  direction  of  the  ventricle,  which  now 
readily  discharges  its  contents  into  the  pulmonary  artery  (where  as 
we  have  seen  (p.  119)  the  mean  pressure  and  the  peripheral  resistance 
are  very  low),  but  finding  in  the  left  auricle,  which  is  continually 
being  filled  from  the  lungs,  an  obstacle  to  its  passage  through 
the  foramen  ovale,  ceases  to  take  that  course,  and  the  foramen 
speedily  becomes  closed.  Thus  the  foetal  circulation,  in  consequence 
of  the  respiratory  movements  to  which  its  interruption  gives  rise, 
changes  its  course  into  that  characteristic  of  the  adult. 


CHAPTER  IV. 


PARTURITION. 


spite  of  the  increasing  distension  of  its  cavity,  the  uterus  remains 
iescent,  as  far  as  muscular  contractions  are  concerned,  imtil  a 
•tain  time  has  been  run.  In  the  human  subject  the  period  of  ges- 
ion  generally  lasts  from  275  to  280  days,  i,e.  about  40  weeks,  the 
aeral  custom  being  to  expect  parturition  at  about  280  days  from 
3  last  menstruation.  Seeing  that,  in  many  cases,  it  is  uncertain 
lether  the  ovum  which  developes  into  the  embryo  left  the  ovary  at 
3  menstruation  preceding  or  succeeding  coitus,  or,  as  some  have 
jed,  independent  of  menstruation,  by  reason  of  the  coitus  itself,  an 
^t  determination  of  the  duration  of  pregnancy  is  impossible. 

In  the  cow  the  period  of  gestation  is  about  280  days,  in  the  mare  about 
"),  sheep  about  150  days,  dog  about  GO  days,  rabbit  about  30  days. 

The  extrusion  of  the  foetus  is  brought  about,  partly  by  rhythmical 
itractions  of  the  uterus  itself,  and  partly  by  a  pressure  exerted  by 
3  contraction  of  the  abdominal  muscles,  similar  to  that  described  in 
fsecation.  The  contractions  of  the  uterus  are  the  first  to  appear, 
d  their  first  effect  is  to  bring  about  a  dilation  of  the  os  uteri ;  it 
not  tiU  the  latter  stages  of  labour,  while  the  foetus  is  passing  into 
3  vagina,  that  the  action  of  the  abdominal  muscles  is  brought  in. 

The  whole  process  of  parturition  may  be  broadly  considered  as  a 
lex  act,  the  nervous  centre  being  placed  in  the  lumbar  cord.  In  a 
g,  whose  dorsal  cord  had  been  completely  severed  (see  p.  544),  par- 
tition took  place  as  usual ;  and  the  fact  that,  in  the  human  sub- 
!t,  labour  will  progress  quite  naturally  while  the  patient  is  uncon- 
ous  from  the  administration  of  chloroform,  shews  that  in  woman  also 
B  whole  matter  is  an  involuntary  action,  however  much  it  may  be 
dsted  by  direct  volitional  efforts.  That  the  uterus  is  capable  of 
ing  thrown  into  contractions  through  reflex  action,  excited  by 
muli  applied  to  various  afferent  nerves,  is  well  known.  The  con- 
kction  of  the  uterus,  which  is  so  necessary  for  the  prevention  of 
)morrhage  after  delivery,  may  freouently  be  brought  about  by  pres- 
re  on  the  abdomen,  by  the  introduction  of  foreign  bodies  into  the 
gina,  and  especially  by  the  application  of  the  child  to  the  nipple. 
It  we  are  not  thereby  justified  in  considering  IYlq  T\i^\\\TDA.cxl\.  ^^\i.^ 
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tractions  of  the  uterus  during  parturition  as  simple  reflex  acts  ex- 
cited by  the  presence  of  the  foetus.  We  are  utterly  in  the  dark  as  to 
why  the  uterus,  after  remaining  apparently  perfectly  quiescent  (or  with 
contractions  so  slight  as  to  be  with  difficulty  appreciated)  for  months, 
is  suddenly  thrown  into  action,  and  within  it  may  be  a  few  hours  gets 
rid  of  the  burden  it  has  borne  with  such  tolerance  for  so  long  a  time; 
none  of  the  various  hypotheses  which  have  been  put  forward  can  be 
considered  as  satisfactory.  And  until  we  know  what  starts  the  active 
phase,  we  shall  remain  in  ignorance  of  the  exact  manner  in  which 
the  activity  is  brought  about.  The  peculiar  rhythmic  character  of  the 
contractions,  each  '  pain'  beginning  feebly,  rising  to  a  maximum,  then 
declining,  and  finally  dying  away  altogether,  to  be  succeeded  aiTber  * 
pause  by  a  similar  pain  just  like  itself,  pain  following  pain  like  the 
tardy  long-drawn  beats  of  a  slowly  beating  heart,  suggests  that  the 
cause  of  the  rhythmic  contraction  is  seated,  like  that  of  the  rhythmic 
beat  of  the  heart,  in  the  organ  itself.  And  this  view  is  supported  bj 
the  fact  that  contractions  of  the  uterus,  similar  to  those  of  par- 
turition, have  been  observed  in  animals  even  after  complete  destme- 
tion  of  the  spinal  cord. 

The  action  of  the  abdominal  muscles,  on  the  other  hand,  is  ob- 
viously a  reflex  act  carried  out  by  means  of  the  spinal  cord,  the 
necessary  stimulus  being  supplied  by  the  pressure  of  the  foetus  in  the 
vagina,  or  by  the  contractions  of  the  uterus.  Hence  the  whole  act  of 
parturition  may  with  reason  be  considered  as  a  reflex  one. 

Whether  the  act  be  wholly  a  reflex  or  partly  an  automatic  one, 
it  can  readily  be  inhibited  by  the  action  of  the  central  nervous  sys- 
tem. Thus  emotions  are  a  very  frequent  cause  of  the  progress  of 
parturition  being  suddenly  stopped ;  as  is  well  known,  the  entraDce 
into  the  bedroom  of  a  stranger  often  causes  for  a  time  the  sudden 
and  absolute  cessation  of  '  labour'  pains,  which  previously  may  have 
been  even  violent.  Judging  from  the  analogy  of  micturition,  be- 
tween which  and  parturition  there  are  many  points  of  resemblance, 
we  may  suppose  that  this  inhibition  of  uterine  -contractions  is  brought 
about  by  an  inhibition  of  the  centre  in  the  lumbar  cord. 

Experimental  investigations  into  the  movements  of  the  uterus  hare 
been  carried  out  chiefly  on  rabbits  and  dogs.  In  these  animals,  rhjthmictl 
contractions  may  occur  spontaneously  or  be  induced  by  direct  stimulatioQ 
after  the  connections  of  the  uterus  with  the  general  nervous  system  have 
been  entirely  severed.  The  application  of  the  interrupted  current  produces 
a  local  contraction  frequently  accompanied  or  folio  wed  by  a  general  mo?e- 
ment  of  the  whole  organ.  This  general  movement  may  £ul  to  make  its 
appearance  especially  in  an  unimpregnated  uterus  (and  indeed  the  results 
of  stimulating  the  uterus  whether  directly  or  indirectly  are  for  some  reason 
or  other  remarkably  inconstant);  where  it  does  occur,  it  possesses,  like  an 
artificially  produced  heart-beat  (p.  141),  characters  resembling  those  of  t 
reflex  act. 

Khythmical  contractions  of  the  uterus  may  be  induced  by  directlj 
stimulating  the  spinal  cord  along  any  part  of  its  course  from  the  lumlwr 
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region  to  the  medulla  oblongata,  as  well  in  a  reflex  manner  by  stimulation 
of  the  central  ends  of  various  spinal  nerves  \  Stimulation  of  the  cere- 
beUum,  crura  cerebri  and  other  parts  of  the  brain  as  high  up  as  the  corpora 
striata  and  optic  thalami,  will  also  give  rise  to  uterine  contractions'. 

Basch  and  Hofmann'  distinguish,  in  the  dog,  two  paths  along  which 
efferent  impulses  may  pass  from  the  central  nervous  system  to  the  uterus ; 
one,  a  sympathetic  tract,  consisting  of  nerves  passing  from  the  inferior 
mesenteric  ganglion  (lying  in  the  dog  at  the  extreme  end  of  the  aorta) 
to  the  hypogastric  plexus,  and  the  other,  a  spinal  tract,  consulting  of 
branches  passing  from  the  sacral  nerves  across  the  pelvis  to  the  same 
plexus,  and  being  the  representatives  in  the  female  of  Eckhard's  nervi 
erigentes  in  the  male,  see  p.  165.  Stimulation  of  the  former  produces 
contractions  of  the  uterus  chiefly  circular  in  nature,  with  descent  of  the 
cervix,  and  dilation  of  the  os ;  when  the  latter  are  stimulated,  the  uterus  is 
shortened,  as  if  by  longitudinal  contractions,  the  cervix  ascends,  and  the  os 
is  closed.  Both  nerves  apparently  may  take  part  in  a  contraction  brought 
about  in  a  reflex  manner.  When  one  tract  is  divided,  the  results  of  reflex 
stimulation  resemble  those  of  direct  stimulation  of  the  other  tract.  When 
both  tracts  are  divided,  stimulation  of  the  central  end  of  a  spinal  nerve, 
anch  as  the  sciatic,  is  without  effect.  The  sacral  nerves  sharing  in  this 
spinal  tract  are  branches  from  the  first,  second,  and  occasionally  the  third. 
Oyon*  however  obtained  no  contractions  of  any  kind  on  stimulating  the 
peripheral  ends  of  the  divided  first  and  second  sacral  nerves,  though  reflex 
contractions  made  their  appearance  when  the  central  ends  were  stimulated. 
Baach  and  Hofmann  furUier  assert  that  the  sympathetic  tract  contains 
vaso-constrictor  and  the  spinal  tract  vaso-dilator  nerves,  both  of  which  may 
be  thrown  into  action  in  a  reflex  manner,  the  former,  however,  more 
readily  than  the  latter.  Whether  connected  or  no  with  the  central  nervous 
system,  the  uterus  may  be  thrown  into  contractions  by  a  deficiency  of 
oxygen  or  excess  of  carbonic  acid  in  the  blood.  Hence  when  pregnant 
animals  are  asphyxiated,  an  extrusion  of  the  foetus  frequently  takes  place. 
There  is  no  evidence  however  that  the  onset  of  labour  is  caused  by  a 
gradual  diminution  of  oxygen  in  the  blood,  reaching  at  last  to  a  climax. 
Nor  are  there  sufficient  facts  to  connect  parturition  with  any  condition 
of  the  ovazy  resembling  that  of  menstruation. 

After  the  expulsion  of  the  foetus,  the  foetal  placenta  separates 
from  the  uterine  walls,  and  is,  together  with  the  remnants  of  the 
membranes,  expelled  after  it.  The  uterus  then  falls  into  a  firm  tonic 
contraction,  similar  to  that  of  the  emptied  bladder,  by  which  means 
hsemorrhage  from  the  vessels  torn  by  the  separation  of  the  placenta 
is  avoided.  The  lining  membrane  of  the  uterus  is  gradually  restored, 
the  muscular  elements  are  reduced  by  a  rapid  fatty  de^neration, 
and  in  a  short  time  the  whole  organ  has  returned  to  its  normal 
condition* 

^  Schlesinger,  Wien,  Med.  Jarhh.  i.  (1878),  Hft.  4.    Cyon,  Pflttgw's  Arehiv,  im. 
(1874),  849.    Basch  and  Hofmann,  Wien.  Med.  Jahrb.  1877,  Hft.  4. 
'  KSmer,  Studien  Phye.  Irut.  Breelau,  m.  84. 
•  Op.  cit.  *  Op.  eit. 
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THE  PHASES  OF  LIFE. 


The  child  has  at  birth,  on  an  average,  rather  less  than  one-third  the 
maximum  length,  and  about  one-twentieth  the  maximum  weight,  to 
which  in  future  years  it  will  attain. 

The  composition  of  the  body  of  the  new-bom  babe,  as  compared 
with  that  of  the  adult,  will  be  seen  from  the  following  tabled  in  which 
the  details  are  more  full  than  those  given  on  p.  355 : 


Weight  of  organ 

in  percentage 

Weic^tofoiceuiB 

of  Body-weigbt. 

A 

•dolt,  as  eomptied 
with  that  of  new-ban 
babe  taken  aiL 

Kew-bom  bab«. 

Adult. 

Eye 

•28 

•028 

1-7 

Brain 

14-34 

2-37 

3-7 

Kidneys 

•88 

•48 

12 

Skin 

11-3 

6-3 

12 

Liver 

4-39 

2-77 

13-6 

Heart 

•89 

•52 

15 

Stomach  and' 

Intestine 

Lungs 

2-53 

2-34 

20 

216 

201 

20 

Skeleton 

16-7 

15-35 

26 

Muscles,  &c. 

23-4 

43-  1 

28 

Testicle 

•037 

•8 

60 

It  will  be  observed  that  the  brain  and  eyes  are,  relatively  to  the 
whole  body-weight,  very  much  larger  in  the  babe  than  in  the  adult, 
as  is  also,  though  to  a  less  extent,  the  liver.  This  disproportion  is  a 
very  marked  embryonic  feature,  and  as  far  as  the  brain  and  eye  are 
concerned  at  least,  has  a  morphological  or  phylogenic,  as  well  as  a 
physiological  or  teleological,  significance.  Inasmuch  as  the  smaller 
body  has  relatively  the  larger  surface,  the  skin  is  naturally  propor- 
tionately greater  in  the  babe.  It  is  chiefly  by  the  accumulation  of 
muscle  or  flesh,  properly  so  called,  that  the  child  acquires  the  bulk 
and  weight  of  the  man,  the  skeletal  frame-work,  in  spite  of  its  being 

*  Vierordt»  Grundrus  dtr  Phi^tiologie^  6th  ed.  p.  005. 
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specifically  lighter  in  its  earlier  cartilaginous  condition,  maintaining 
tnrooghout  life  about  the  same  relative  weight 

The  increase  in  stature  is  very  rapid  in  early  infancy,  proceeding 
however  by  decreasing  increments.  According  to  Quetelet^  there  is 
a  gain  in  height  of  about  20  centimetres  during  the  first  year,  the 
50  cm.  babe  enlarging  to  the  70  cm,  infant  of  one  year  old;  of  about 
9  during  the  second,  of  about  7  during  the  third,  of  about  6 J  for  the 
fourth,  and  so  on,  decreasing  to  rather  below  6  for  the  succeeding  ten 
or  twelve  years.  During,  or  about  puberty,  there  is  again  a  somewhat 
sudden  rise,  with  a  subsequent  more  steady,  but  diminishing  increase 
up  to  about  the  twenty-fifth  year.  From  thence  to  about  fifty  years 
of  age  the  height  remains  stationary,  after  which  there  may  be  a  de-* 
crease,  especially  in  extreme  old  age. 

The  increase  in  weight  is  also  very  rapid  at  first,  and  proceeding, 
like  the  height,  with  diminishing  increments,  may  continue  till  about 
the  fortieth  year.  After  the  sixtieth  year  a  decline  of  variable  ex-* 
tent  is  generally  witnessed.  It  is  a  remarkable  fact,  however,  that  in 
the  first  few  days  of  life,  so  far  from  there  being  an  increase,  there  is 
an  actual  decrease  of  weighty  so  that,  according  to  Quetelet,  even  on 
the  seventh  day,  the  weight  still  continues  to  be  less  than  at  birth. 

The  saliva  of  the  babe  is  active  on  starch,  and  its  gastric  juice  haa 
good  peptic  powers,  from  which  we  may  infer  that  its  digestive  pro- 
cesses in  general  are  identical  with  that  of  the  adult ;  but  the  faeces 
of  the  infant  contain,  besides  a  considerable  quantity  of  tmdigested 
food  (fat,  casein,  &c.),  unaltered  bile-pigment,  and  undecomposed 
bile-salts. 

According  to  Hammarsten'  the  gastric  juice  of  new-bom  puppies, 
though  sufficiently  acid  to  cuidle  milk,  does  not  contain  pepsin,  or  the 
lactic  acid  ferment ;  it  is  not  till  the  third  week  that  peptic  digestion  is  set 
up,  the  casein  previously  taken  being  digested  by  the  pancreatic  juice ;  in 
young  rabbits  it  appears  a  week  earlier.  Like  Zweifel',  Hammarsten  how- 
ever found  pepsin  in  the  stomach  of  the  new-bom  babe.  Zweifel  states 
that  the  pancreatic  juice  in  children,  while  active  on  fat  and  proteids  from 
the  first,  is  inert  towards  starch  for  the  first  two  months ;  and  that  the 
amylolytic  ferment  is  for  the  same  period  absent  from  the  submaxillary, 
though  present  in  the  parotid  saliva. 

The  heart  of  the  babe  (see  Table,  p.  556)  is,  relatively  to  its  body- 
weight,  larger  than  the  adult,  and  the  frequency  of  the  heart-beat 
much  greater,  viz.  about  130  or  140  per  minute,  falling  to  about 
110  in  the  second  year,  and  about  90  in  the  tenth  year.  Corre- 
sponding to  the  smaller  bulk  of  the  body,  the  whole  circuit  of 
toe  blo^  system  is  traversed  in  a  shorter  time  than  in  the  adult 
(12  seconds  as  against  22)^;  and  consequently  the  renewal  of 
the  blood  in  the  tissues  is  exceedingly  rapid.    The  respiration  of 

1  Phytique  Soeiale  (1S69),  xi.  p.  18. 
s  Ladwig*B  Fettgabe  (1874),  p.  116. 

*  Untertuch,  u,  d,  Verdanungi  apparat  d,  Neugehomen,  1S74, 

*  Vierordt,  op,  cit. 
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the  babe  is  quicker  than  that  of  the  adult,  being  at  fixst  about  35 
per  minute,  falling  to  28  in  the  second  year,  to  26  in  the  fifth 
year,  and  so  onwards.      The  respiratory  work,  while  it  increases 
absolutely  as  the   body  grows,  is,  relatively  to  the   body-weighty 
greatest  in  the  earlier  years.    It  is  worthy  of  notice,  that  the  ab- 
sorption of  oxygen  is  said   to  be  relatively  more  active  than  the 
production  of  carbonic  acid;  that  is  to  say,  there  is  a  continued  aoca- 
mulation  of  capital  in  the  form  of  a  store  of  oxygen-holding  explosive 
compounds  (see  p.  286).     This,  indeed,  is  the  striking  feature  of 
infant  metabolism.    It  is  a  metabolism  directed  laigely  to  construc- 
tive ends.  The  food  taken  represents,  undoubtedly,  so  much  potential 
energy;    but  before  that  energy  can  assume  a  vital  mode,  the 
food  must  be  converted  into  tissue ;  and,  in  such  a  conversion,  nuH*- 
phological  and  molecular,  a  large  amoimt  of  energy  must  be  ex- 
pended.   The  metabolic  activities  of  the  infiemt  are  more  pronounced 
than  those  of  the  adult,  for  the  sake,  not  so  much  of  energies  whidi 
are  spent  on  the  world  without,  but  as  of  eneigies  v^hich  are  for  a 
while  buried  in  the  rapidlv  increasing  mass  of  flesh.    Thus  the  infimt 
requires  over  and  above  the  wants  of  the  man,  not  only  an  income  of 
energy  corresponding  to  the  energy  of  the  flesh  actually  laid  on,  bat 
also  an  income  corresponding  to  the  energy  used  up  in  making  that 
living  sculptured  flesh  out  of  the  dead  amorphous  peptone  sugar  and 
salts,  which  serve  as  food.    Over  and  above  this,  the  in£ant  needs  a 
more  rapid  metabolism  to  keep  up  the  normal  bodily  temperature. 
This,  which  is  no  less,  indeed  slightly  ('3^)  higher,  than  that  of  the 
adult,  requires  a  greater  expenditure,  inasmuch  as  the  infant  with 
its  relatively  far  larger  surface,  and  its  extremely  vascular  skin,  loses 
heat  to  a  proportionately  much  greater  degree  than  does  the  growD 
up  man.     It  is  a  matter  of  common  experience  that  children  aie 
more  affected  by  cold  than  are  adults. 

This  rapid  metabolism  is  however  not  manifest  immediately  upon  birth. 
During  the  first  few  days,  corresponding  to  the  loss  of  weight  mentioned 
above,  the  respiratory  activities  of  the  tissues  are  feeble;  the  embryonic 
habits  seem  as  yet  not  to  have  been  completely  thrown  off,  and,  as  was 
stated  on  p.  304,  new-bom  animals  bear  with  impunity  a  deprivation 
of  oxygen,  which  would  be  fatal  to  them  later  on  in  life. 

The  quantity  of  urine  passed,  though  scanty  in  the  first  two  days, 
rises  rapidly  at  the  end  of  the  first  week,  and  in  youth  the  quantity 
of  urine  passed  is,  relatively  to  the  body-weight,  larger  than  in  adult 
life.  This  may  be,  at  least  in  quite  early  life,  partly  due  to  the  more 
liquid  nature  of  the  food,  but  is  also  in  part  the  result  of  the  more 
active  metabolism.  For  not  only  is  the  quantity  of  urine  passed,  but 
also  the  amount  of  urea  and  some  other  urinary  constituents  excreted, 
relatively  to  the  body-weight,  greater  in  the  child  than  in  the  adult 
The  presence  of  uric,  of  oxalic,  and  according  to  some,  of  hippuric 
acids  in  unusual  quantities  is  a  frequent  characteristic  of  the  urine  of 
children.     It  is  stated  that  calcic  phosphates,  and  indeed  the  phos- 
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phates  generally,  are  deficient,  being  retained  in  the  body  for  the 
building  up  of  the  osseous  skeleton. 

Associated  probably  with  these  constructive  labours  of  the  grow- 
ing frame  is  the  prominence  oT  the  lymphatic  system.  Not  only  are 
the  lymphatic  glands  laigely  developed  and  more  active  (as  is  pro- 
bably shewn  by  their  tendency  to  disease  in  youth),  but  the  quantity 
of  lymph  circulation  is  greater  than  in  later  years.  Characteristic 
of  youth  is  the  size  of  l£e  thymus  body,  whiw  increases  up  to  the 
second  year,  and  may  then  remain  for  a  while  stationary ;  but  gene- 
rally before  puberty,  has  suffered  a  retrogressive  metamorphosis,  and 
frequently  hardly  a  vestige  of  it  remains  behind.  The  thyroid  body 
is  also  relatively  greater  in  the  babe  than  in  the  adult ;  the  spleen, 
on  the  other  hand,  which  grows  rapidly  in  early  infancy,  is  not  only 
absolutely,  but  also  relatively,  greater  in  the  adult.  It  need  hardly 
be  said  that  the  recuperative  power  of  infancy  and  early  youth  is 
▼ery  marked. 

It  would  be  beyond  the  scope  of  this  work  to  enter  into  the 
psychical  condition  of  the  babe  or  the  child,  and  our  knowledge 
of  the  details  of  the  working  of  the  nervous  system  in  infancy 
is  too  meagre  to  permit  of  any  profitable  discussion*  It  is  hardly 
of  use  to  say  that  in  the  young  the  whole  nervous  system  is 
more  irritable  or  more  excitable  than  in  later  years;  by  which 
we  probably  to  a  great  extent  mean  that  it  is  less  rigid,  less 
marked  out  into  what,  in  preceding  portions  of  this  work,  we  have 
spoken  of  as  nervous  mechanisms.  It  may  be  mentioned  that, 
according  to  Soltmann^  stimulation  of  Hitzig's  cerebral  areas,  in 
new-born  animals^  does  not  give  rise  to  the  usual  localised  move- 
ments. The  sense  of  touch,  both  as  regards  pressure  and  tem- 
perature, appears  well  developed  in  the  infant  as  does  also  the 
sense  of  taste,  and  possibly,  though  this  is  disputed,  that  of  smell. 
The  pupil  (larger  in  the  infant  tiian  in  the  man)  acts  fully,  and 
Donders'  observed  normal  binocular  movements  of  the  eyes  in  an 
infant  less  than  an  hour  old.  The  eye  is  (in  man)  from  the  outset 
fully  sensitive  to  light,  though  of  course  visual  perceptions  are 
imperfect  As  regards  hearing,  on  the  other  hand,  very  little 
reaction  follows  upon  sounds,  i.e.  auditory  sensations  seem  to  be 
dull  during  the  first  few  days  of  life ;  this  may  be  partly  at  least 
due  to  absence  of  air  from  the  tympanum  and  a  tumid  condition 
of  the  tympanic  mucous  membrane.  As  the  child  grows  up  his 
senses  rapidly  culminate,  and  in   his  early  years  he  possesses  a 

Eneral  acuteness  of  sight,  hearing,  and  touch,  which  frequently 
comes  blunted  as  his  psychical  life  becomes  fuller.  Children 
however  are  said  to  be  less  apt  at  distinguishing  colours  than  in 
sighting  objects;  but  it  does  not  appear  whether  this  arises  from 
a  want  of  perceptive  discrimination  or  from  their  being  actually 
less  sensitive  to  variations  in  hue.    A  characteristic  of  the  nervous 

1  Cenirhlt.  Med.  Witt.  1S75,  p.  209.    Jahrb.  f.  Kinderheilkunde  n.  (1875)  106. 
•  Pflttger'8  Archiv,  zxii.  (1876),  p.  884. 
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system  in  childhood,  the  result  probably  of  the  more  active  meta- 
bolism of  the  body,  is  the  necessity  for  long  or  frequent  and  deep 
slumber. 

Dentition  marks  the  first  epoch  of  the  new  life.  At  about  flcven 
months  the  two  cerebral  incisors  of  the  lower  jaw  make  their  way 
through  the  gum,  followed  immediately  by  the  corresponding  teeth 
in  the  upper  jaw.  The  lateral  incisors,  first  of  the  lower  and  then 
of  the  iTpper  jaw,  appear  at  about^  the  ninth  months  the  first  molan 
at  about  the  twelfth  month,  the  canines  at  about  a  year  and  a  ha]( 
and  the  temporary  dentition  is  completed  by  the  appearance  of  the 
second  molars  usually  before  the  end  of  the  second  year. 

About  the  sixth  year  the  permanent  dentition  oommences  bjr 
the  appearance  of  the  first  permanent  molar  beyond  the  second 
temporary  molar;  in  the  seventh  year  the  central  permanent 
incisors  replace  their  temporary  representatives,  followed  in  the 
next  year  by  the  lateral  incisors.  In  the  ninth  year  the  tempo- 
rary first  molars  are  replaced  by  the  first  bicuspids,  and  in  the 
tenth  year  the  second  temporary  molars  are  similarly  replaced  by 
the  second  bicuspids.  The  canines  are  exchanged  about  the  ele* 
venth  or  twelfth  year  and  the  second  permanent  molars  are  cut 
about  the  twelfth  or  thirteenth  year.  There  is  then  a  long  paose, 
the  third  or  wisdom  tooth  not  making  its  appearance  till  the 
seventeenth,  or  even  twenty-fifth  yeax,  or  iu  some  cases  not  ap- 
pearing at  all. 

Shortly  i^fter  the   conclusion  of  the  permanent  dentition  (the 
wisdom  teeth  excepted)  the  occurrence  of  puberty  marks  the  be- 
ginning of  a  new  phase  of  life ;  and  the  difference  between  the  sexes^ 
liitherto  merely  potential,  now  becomes  functional.   In  both  sexes  the 
maturation  of  the  generative  organs  is  accompanied  by  the  well-known 
changes  in  the  body  at  large ;  but  the  events  are  much  more  cha- 
racteristic in  the  tjrpical  female  than  in  the  aberrant  male.    Though 
in  the  boy,  the  breaking  of  the  voice  and  the  rapid  growth  of  the 
beard  which  accompany  the  appearance  of  active  spermatozoa,  are 
striking  features,  yet  they  are  after  all  superficiaL     The  curves  of 
his  increasing  weight  and  height,  and  of  the  other  events  of  his 
economy,  pursue  for  a  while  longer  an  unchanged  course ;  the  boy 
does  not  become  a  man  till  some  years  after  puberty;  and  the  decline 
of  his  functional  manhood  is  so  gradual  that  frequently  it  ceases  only 
when  disease  puts  an  end  to  a  ripe  old  age.     With  the  occurrence  of 
menstruation,  on  the  other  hand,  at  from  thirteen  to  seventeen  years 
of  age,  the  girl  almost  at  once  becomes  a  woman,  and  her  functional 
womanhood   ceases   suddenly  at   the   climacteric  in    the  fifth  de- 
cennium.     And  during  the  whole  of  the  child-bearing  period  her 
organism  is  in  a  comparatively  stationary  condition.      While  just 
before  the  age  of  puberty,  at  about  the  twelfth  year,  tlie  girl  is 
growing  at  nearly  the  same  rate  as  the  boy,  her  curve  of  weight 
rises  more  rapidly  about  puberty,  but  from  the  nineteenth  year  on- 
ward to  the  climacteric,  remains  stationary,  being  followed  subse- 
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quently  by  a  late  increase,  so  that  while  the  man  reaches  his 
maximum  of  weight  at  about  forty,  the  woman  is  at  her  greatest 
weight  at  about  nfty\ 

Of  the  statical  differences  of  sex,  some,  such  as  the  formation  of 
the  pelvis,  and  the  costal  mechanism  of  respiration,  are  directly 
connected  with  the  act  of  child-bearing,  while  others  have  only  an 
indirect  relation  to  that  duty ;  and  indications  at  least  of  nearly  all 
the  characteristic  differences  are  seen  at  birth.  The  baby  boy  is 
heavier  and  taller  than  the  baby  girl,  and  the  tnaiden  of  five  breathes 
with  her  ribs  in  the  same  way  as  does  the  matron  of  forty.  The 
woman  is  lighter  and  shorter  than  the  man,  the  limits  in  the  case  of 
the  former  being  from  1*444j  to  1740  metres  of  height  and  from 
39-8  and  938  kilos  of  weight,  in  the  latter  from  1-467  to  1-890  of 
height,  and  from  49-1  to  98*5  kilos  of  weight'.  The  muscular  system 
and  skeleton  are  both  absolutely  and  relatively  less  in  woman,  and 
her  brain  is  lighter  and  smaller  than  that  of  man,  being  about  1272 
grammes  to  1424.  Her  metabolism,  as  measured  by  the  respiratory 
and  urinary  excreta,  is  also  not  only  absolutely  but  relatively  to  the 
body-weight  less,  and  her  blood  is  not  only  less  in  quantity  but  also 
of  lighter  specific  gravity  and  contains  a  smaller  proportion  of  red 
corpuscles.  Her  strength  is  to  that  of  man  as  about  5  to  9,  and  the 
relative  length  of  her  step  as  1000  to  1157. 

From  bSth  onward  (and  indeed  from  early  intra-uterine  life)  the 
increment  of  growth  progressively  diminishes.  At  last  a  point  is 
reached  at  which  the  curve  cuts  the  abscissa  line,  and  the  increment 
becomes  a  decrement.  After  the  culmination  of  manhood  at  forty 
and  of  womanhood  at  the  climacteric,  the  prime  of  life  declines  into 
old  age.  The  metabolic  activity  of  the  body,  which  at  first  was 
sufficient  not  only  to  cover  the  daily  waste,  but  to  add  new  material, 
later  on  is  able  only  to  meet  the  daily  wants,  and  at  last  is  too 
imperfect  even  to  sustain  in  its  entirety  the  existing  frame.  Neither 
as  regards  vigour  and  functional  capacity,  nor  as  regards  weight  and 
bulk,  do  the  turning-points  of  the  several  tissues  and  organs  coincide 
either  with  each  other  or  with  that  of  the  body  at  large.  We  have 
already  seen  that  the  life  of  such  an  organ  as  the  thymus  is  far 
shorter  than  that  of  its  possessor.  The  eye  is  in  its  dioptric  prime  in 
chUdhood,  when  its  media  are  clearest  and  its  muscular  mechanisms 
most  mobile,  and  then  it  for  the  most  part  serves  as  a  toy ;  in  later 
years,  when  it  could  be  of  the  greatest  service  to  a  still  active  brain, 
it  has  already  fallen  into  a. clouded  and  rigid  old  age.  The  skeleton 
reaches  its  limit  very  nearly  at  the  same  time  as  the  whole  frame 
reaches  its  maximum  of  height,  the  coalescence  of  the  various  epi- 

Shyses  being  pretty  well  completed  by  about  the  twenty-fifth  year, 
imilarly  the  muscular  system  in  its  increase  tallies  with  the  weight 
of  the  whole  body.  The  brain,  in  spite  of  the  increasing  complexity 
of  structure  and  function  to  which  it  continues  to  attain  even  in 

^  Qneletet  op.  cit.  '  Qaeletet  op.  cit.  ii.  p.  89. 

F.  P.  ^^ 
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middle  life,  early  reaches  its  limit  of  bulk  and  weight  At  about 
seven  years  of  age  it  attains  what  may  be  considered  as  its  first  limit, 
for  though  it  may  increase  somewhat  up  to  twenty,  thirty,  or  even  later 
years,  its  progress  is  much  more  slow  after  than  before  seven.  The 
vascular  and  digestive  organs  as  a  whole  may  continue  to  increase 
even  to  a  very  late  period.  From  these  facts  it  is  obvious  that 
though  the  phenomena  of  old  age  are,  at  bottom,  the  result  of  the 
individual  decline  of  the  several  tissues,  they  owe  many  of  their 
features  to  the  disarrangement  of  the  whole  organism  produced  by 
the  premature  decay  or  disappearance  of  one  or  other  of  the  con- 
stituent bodily  factors.  Thus,  for  iustance,  it  is  clear  that  were  there 
no  natural  intrinsic  limit  to  the  life  of  the  muscular  and  nervous 
systems,  they  would  nevertheless  come  to  an  end  in  consequence  of 
tne  nutritive  disturbances  caused  by  the  loss  of  the  teeth.  And  what 
is  true  of  the  teeth  is  probably  true  of  many  other  oigans,  with  the 
addition  that  these  cannot,  like  the  teeth,  be  replaced  by  mechanical 
contrivances.  Thus  the  term  of  life  which  is  allotted  to  a  muscle  hy 
virtue  of  its  molecular  constitution,  and  which  it  could  not  exceed 
were  it  always  placed  under  the  most  favourable  nutritive  oonditioni^ 
is,  in  the  organism,  determined  by  the  similar  life-terms  of  other 
tissues ;  the  future  decline  of  the  brain  is  probably  involved  in  the 
early  decay  of  the  thymus. 

Two  changes  characteristic  of  old  age  are  the  so-called  calcareous 
and  fatty  degenerations.  These  are  seen  in  a  completely  typical 
form  in  cartilage,  as,  for  instance,  in  the  ribs ;  here  the  protoplacan  of 
the  cartilage-corpuscle  becomes  hardly  more  than  an  envelope  of 
fat  globules,  and  the  supple  matrix  is  rendered  rigid  with  amorphous 
deposits  of  calcic  phosphates  and  carbonates,  which  are  at  the  same 
time  the  signs  of  past,  and  the  cause  of  future  nutritive  decline. 
And  what  is  obvious  in  the  case  of  cartilage  is  more  or  less  evident 
in  other  tissues.  Everywhere  we  see  a  disposition  on  the  part  of 
protoplasm  to  fall  back  upon  the  easier  tast  of  forming  fat  rather 
than  to  carry  on  the  more  arduous  duty  of  manufacturiug  new 
material  like  itself;  everywhere  almost  we  see  a  tendency  to  the 
replacement  of  a  structured  matrix  by  a  deposit  of  amorphous 
material.  In  no  part  of  the  system  is  this  more  evident  than  in 
the  arteries ;  one  common  feature  of  old  age  is  the  conversion  hy 
such  a  change  of  the  supple  elastic  tubes  into  rigid  channels,  whereby 
the  supply  to  the  various  tissues  of  nutritive  material  is  rendered 
increasingly  more  difficult,  and  their  intrinsic  delay  proportionately 
hurried. 

Of  the  various  tissues  of  the  body  the  muscular  and  nervous 
are  however  those  in  which  functional  decline,  if  not  structural  decay, 
becomes  soonest  apparent.  The  dynamic  coefficient  of  the  skeletal 
muscles  diminishes  rapidly  after  thirty  or  forty  years  of  life,  and  a 
similar  want  of  power  comes  over  the  plain  muscular  fibres  also; 
the  heart,  though  it  may  not  diminish,  or  even  may  still  increase 
in  weight,  possesses  less  and  less  force,  and  the  movements  of  the 
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intestine,  bladder,  and  other  organs,  diminish  in  vigour.  In  the 
nervous  system,  the  lines  of  resistance,  which,  as  we  have  seen,  help 
to  map  out  the  central  organs  into  mechanisms,  and  so  to  produce  its 
multifarious  actions,  become  at  last  hinderances  to  the  passage  of  ner* 
vous  impulses  in  any  direction,  while  at  the  same  time  the  molecular 
energy  of  the  impulses  themselves  becomes  less.  The  eye  becomes 
feeble,  not  only  from  cloudiness  of  the  media  and  presbyopic 
muscular  inability,  but  also  from  the  very  bluntness  of  the  retina ; 
the  sensory  and  motor  impulses  pass  with  increasing  slowness  to 
and  fro,  the  central  nervous  system  and  the  brain  becomes  a  more 
and  more  rigid  mass  of  protoplasm,  the  molecular  lines  of  which  rather 
mark  the  history  of  past  actions  than  serve  as  indications  of  present 
potency.  The  epithelial  glandular  elements  seem  to  be  those  whose 
powers  are  the  longest  preserved,  and  hence  the  man  who  in 
the  prime  of  his  manhood  was  a  'martyr  to  dyspepsia'  by  reason 
of  the  sensitiveness  of  his  gastric  nerves  and  the  reflex  inhibitory 
and  other  results  of  their  irritation,  in  his  later  years,  when  his 
nerves  are  blunted,  and  when  therefore  his  peptic  cells  are  able  to 
pursue  their  chemical  work  undisturbed  by  extrinsic  nervous  worries, 
eats  and  drinks  with  the  courage  and  success  of  a  boy. 

Within  the  range  of  a  lifetime  are  comprised  manv  periods  of 
a  more  or  less  frequent  recurrence.  In  spite  of  the  aids  of  a  com- 
plex civilisation,  all  tending  to  render  the  conditions  of  his  life  more 
and  equable,  man  still  shews  in  his  economy  the  effects  of  the 
seasons.  Some  of  these  are  the  direct  results  of  varying  tempera- 
ture, but  some  probably,  such  as  the  gain  of  weight  in  winter  and 
the  loss  in  summer,  are  habits  acquired  by  descent  Within  the 
year,  an  approximately  monthly  period  is  manifested  in  the  female 
by  menstruation,  though  there  is  no  exact  evidence  of  even  a  latent 
similar  cycle  in  the  male.  The  phenomena  of  recurrent  diseases, 
and  the  marked  critical  days  of  many  other  maladies,  point  to  cycles 
of  smaller  duration  than  that  of  the  moon's  revolution,  for  it  seems 
probable  that  in  these  cases  the  recurrence  is  to  be  attributed  rather 
to  variations  in  the  medium  of  the  disease,  than  to  periodical  phases 
in  the  disease-producing  germ  itself. 

Prominent  among  all  other  cyclical  events  is  the  fact  that  all 
animals  possessing  a  well-developed  nervous  system,  must,  night 
after  night,  or  day  after  day,  or  at  least  time  after  time,  lay  them 
down  to  sleep.  The  salient  feature  of  sleep  is  the  cessation  of  the 
automatic  activity  of  the  brain ;  it  is  the  diastole  of  the  cerebral 
beat.  But  the  condition  is  not  confined  to  the  cerebral  hemispheres ; 
all  parts  of  the  bodv  either  directly  or  indirectly  take  share  in  it. 
The  phenomena  of  sleep  are  perhaps  seen  in  their  simplest  form  in 
the  winter-sleep  or  hybernation,  to  which  especially  cold-blooded 
animals,  but  also  to  some  extent  warm-bloode<l  animals  are  subject. 
In  these  cases  the  cold  of  winter  slackens  the  vibrations  and  lessens 
the  explosions  of  the  protoplasm,  not  only  of  nervous  but  also  of 
muscular  and  glandular  structures ;  indeed  the  activity  of  the  whol^ 
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body  is  lowered,  in  some  respects  almost  to  actual  arrest  At  the 
same  time  that  the  labour  of  the  cerebral  molecules  becomes  insuffi- 
cient to  develope  consciousness,  the  respiratory  centre  is  either  wholly 
quiescent  or  discharges  feeble  impulses  at  rare  intervals,  and  the 
heart  beats  with  a  slow  infirequent  stroke,  not  by  reascm  of  any 
inhibitory  restraint,  but  because  its  very  substance  in  its  sbw 
molecular  travail  can  gather  head  for  explosions  only  after  long 
pauses  of  rest.  And  such  few  and  distant  beats  as  do  occur  are 
amply  sufficient  to  meet  the  needs  of  the  feeble  metabolism  of  the 
seveial  tissues.  The  sleep  of  every  day  differs  from  the  sleep  of 
winter-cold  chiefly  becaus^  the  slackening  of  molecular  activities  is 
due  in  the  former  not  to  extrinsic  but  to  intrinsic  causes,  not  to 
changes  in  the  medium,  but  to  exhaustion  of  the  subject^  and  because 
the  phenomena  are  largely  confined  to  the  cerebral  hemispheres. 
It  is  true  that  the  whole  body  shares  in  the  condition;  the  puke 
and  breathing  are  slower,  the  intestine  and  other  internal  muscular 
mechanisms  are  more  or  less  at  rest,  the  secreting  organs  are  less 
active,  and  the  whole  metabolism  and  the  dependent  temperature 
of  the  body  are  lowered ;  but  we  cannot  say  at  present  how  &r  these 
are  the  indirect  results  of  the  condition  of  the  nervous  system,  or 
how  far  they  indicate  a  partial  slumbering  of  the  several  tissues. 
We  are  not  at  present  in  a  position  to  trace  out  the  events  which 
culminate  in  this  inactivity  of  the  cerebral  structures.  It  has  been 
urged  ^  that  during  sleep  the  brain  is  ansemic;  but  even  if  this 
ausemia  is  a  constant  accompaniment  of  sleep,  it  must,  like  the 
vascular  condition  of  a  gland  or  any  other  active  organ,  be  regarded 
as  an  effect,  or  at  least  as  a  subsidiary  event  rather  than  as  a  primary 
cause.  The  explanation  of  the  condition  is  rather  to  be  sought  in 
purely  molecular  changes ;  aud  the  analogy  between  the  systole  and 
diastole  of  the  heart,  and  the  waking  and  sleeping  of  the  brain,  may 
be  profitably  pushed  to  a  very  considerable  extent.  The  sleeping 
brain  in  many  respects  closely  resembles  a  quiescent  but  still  living 
ventricle.  Both  are  as  far  as  outward  manifestations  are  concerned 
at  rest,  but  both  may  be  awoke  to  activity  by  an  adequately  powerful 
stimulus.  Both,  though  quiescent  are  irritable,  in  both  the  quies- 
cence will  ultimately  give  place  to  activity,  and  in  both  an  appro- 
priate stimulus  applied  at  the  right  time  will  determine  the  change 
from  rest  to  action.  Just  as  a  single  prick  will  under  certain  circum- 
stances awake  a  ventricle,  which  for  some  seconds  has  been  motion- 
less, into  a  rhythmic  activity  of  many  beats,  so  a  loud  noise  will 
start  a  man  from  sleep  into  a  long  day's  wakefulness.  And  just 
as  in  the  heart  the  cardiac  irritability  is  lowest  at  the  beginning  of 
the  diastole  and  increases  onwards  till  a  beat  bursts  out,  so  is  sleep 
deepest  at  its  commencement  after  the  day's  labour ;  thence  onward 
slighter  and  slighter  stimuli  are  needed  to  wake  the  sleeper. 

1  Dnrham,  G»/y*#  Eotpital  ReporU,  Vol.  ti.  1860. 
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KohlscMtterS  judging  of  ^e  depth  of  ordinary  nocturnal  sleep  by  tlie 
intensity  of  the  noise  required  to  wa^e  the  sleeper,  concludes  that,  increas- 
ing very  rapidly  at  first,  it  reaches  its  maximum  within  the  first  hour; 
from  thence  it  diminishes,  at  first  rapidly,  but  afterwards  more  slowly.  At 
the  end  of  an  hour  and  a  half  it  falls  to  one-fonrth,  at  the  end  of  two  hours 
to  one-eighth  of  its  mayimal  intensity,  and  thence  onward  diminishes  with 
gradually  diminishing  decrements. 

We  cannot  at  present  make  any  definite  statements  concerning 
the  nature  of  the  molecular  changes  which  determine  this  rhythmic 
rise  and  fall  of  cerebral  irritabiUty.  Preyer*,  leaning  towards  the 
view  that  the  accumulation  of  the  products  of  protoplasmic  activity 
may  become  in  the  end  an  obstruction  to  that  activity,  has  been  led 
to  think  that  the  presence  of  lactic  acid,  one  of  the  products  cer- 
tainly of  muscular  and  probably  of  nervous  metabolism,  tends  to 
produce  sleep;  but  this  is  doubtful.  The  suggestion  of  Pfluger', 
that  the  diminution  of  irritability,  and  consequent  suspension  of 
automatism,  is  dependent  on  the  exhaustion  of  the  store  of  intra- 
molecular oxygen  (p.  286),  is  more  worthy  of  attention. 

As  was  previously  stated  (p.  371),  there  is  at  present  at  least  no  satis- 
factory evidence  that  the  assumption  of  oxygen  is  directly  dependent  on 
the  time  of  day,  the  striking  result  obtained  by  Pettenkofer  and  Yoit  there 
quoted  not  being  corroborated  by  subsequent  trials  ^  The  hypothesis  of 
Pflfiger,  therefore,  unless  subsequent  researches  reinstate  Pettenkofer  and 
Voit*s  first  view,  needs  an  addition  to  explain  how  it  is  that  the  store  of 
intramolecular  oxygen  becomes  exhausted  in  the  nervous  system.  Henke* 
had  previously  put  forward  a  not  wholly  unlike  hypothesis,  as  had  also 
Sonuner*. 

The  phenomena  of  sleep  shew  very  clearly  to  how  large  an  extent 
an,  apparent  automatism  is  the  ultimate  outcome  of  the  effects  of 
antecedent  stimulation'.  When  we  wish  to  go  to  sleep  we  withdraw 
our  automatic  brain  as  much  as  possible  from  the  influence  of  all 
extrinsic  stimuli ;  and  an  interesting  case  is  recorded*  of  a  lad  whose 
connection  with  the  external  world  was,  from  a  complicated  anaes- 
thesia, limited  to  that  afforded  by  a  single  eye  and  a  single  ear, 
and  who  could  be  sent  to  sleep  at  will,  by  closing  the  eye  and  stop- 
ping the  ear. 

The  cycle  of  the  day  is  however  manifested  in  many  other  ways 
than  by  the  alternation  of  sleeping  and  waking,  with  all  the  in- 
direct effects  of  these  two  conditions.  There  is  a  diurnal  curve  of 
temperature  (see  p.  379)  apparently  independent  of  all  immediate 

1  Zeittchr.f.  Rat.  Med.  xvn.  (1862)  p.  209,  xxxiy.  (1869)  p.  42. 

s  CerUralblatt  f.  Med.  Win.  1875,  p.  677.     Ueber  die  Unache  de$  SchlafeM,  IS77. 

•  PflOger's  Arehiv,  x.  (1875)  p.  468. 

«  8iUung$berichL  Acad.  Wi$8.  MUnchen,  1866—67. 

•  Zeitsehr.  f.  RaL  Med.  jrr.  (1861)  p.  868. 

•  ZHtsehr.  f.  Rat.  Med.  xzxxii.  (1868). 

^  Cf.  Heabel.  PflUger*8  ArcMv,  xxt.  (1877)  158. 

•  Pfliiger's  AreHv,  xr.  (1877)  p.  573. 
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circumstances,  the  hereditary  impress  of  a  long  past  sequence  of 
days  and  nights.  Even  the  pulse,  so  sensitive  of  all  bodily  changes, 
shews,  running  through  all  the  immediate  effects  of  the  changes 
of  the  minute  and  the  hour,  the  -working  of  a  diurnal  influence 
which  cannot  be  accounted  for  by  waking  and  sleeping,  by  working 
and  resting,  by  meals  and  abstinence  between  meals.  And  the  same 
may  be  said  concerning  the  rhythm  of  respiration,  and  the  products 
of  pulmonary,  cutaneous  and  urinaiy  excretion.  There  seems  to  be 
a  daily  curve  of  bodily  metabolism,  which  is  not  the  product  of  the 
day's  events.  Within  the  day  we  have  the  narrower  rhythm  of  the 
respiratory  centre  with  the  accompanying  rise  and  fall  of  activity 
in  the  vaso-motor  centres.  And  lastly,  as  the  fundamental  fact  of  all 
bodily  periodicity  is  that  alternation  of  the  heart's  systole  and  diastole 
which  ceases  only  at  death.  Though,  as  we  have  seen,  the  inter, 
mittent  flow  in  the  arteries  is  toned  down  in  the  capillaries  to  an 
apparently  continuous  flow,  still  the  constantly  repeated  cycle  of  tlte 
cardiac  shuttle  must  leave  its  mark  throughout  the  whole  web  of  the 
body's  life.  Our  means  of  investigation  are,  however,  still  too  gross  to 
permit  us  to  track  out  its  influence.  Still  less  are  we  at  present  in 
a  position  to  say  how  far  the  fundamental  rhythm  of  the  heart  itself 
that  rhythm  which  is  influenced,  but  not  created  by  the  changes  of 
the  body  of  which  it  is  the  centre,  is  the  result  of  cosmical  changes, 
the  reflection  as  it  were  in  little  of  the  cycles  of  the  universe,  or  how 
far  it  is  the  outcome  of  the  inherent  vibrations  of  the  molecules  whicb 
make  up  its  substance. 


CHAPTER  VI. 


DEATH. 


When  the  animal  kingdom  is  surveyed  from  a  broad  stand-point,  it 
becomes  obvious  that  the  ovum,  or  its  correlative  the  spermatozoon,  is 
the  goal  of  an  individual  existence :  that  life  is  a  cycle  beginning  in 
an  ovum  and  coming  round  to  an  ovum  again.  The  greater  part  of 
the  actions  which,  looking  from  a  near  point  of  view  at  the  higher 
animals  alone,  we  are  apt  to  consider  as  eminently  the  purposes  for 
which  animaLs  come  into  existence,  when  viewed  from  the  distant 
outlook  whence  the  whole  living  world  is  surveyed,  fade  away  into 
the  likeness  of  the  mere  byplay  of  ovum-bearing  organisms.  The 
animal  body  is  in  reality  a  vehicle  for  ova ;  and  after  the  life  of  the 
parent  has  become  potentially  reuewed  in  the  offspring,  the  body 
remains  as  a  cast-off  envelope  whose  future  is  but  to  die. 

Were  the  animal  frame  not  so  complicated  a  machine  as  it  is, 
death  might  come  as  a  simple  and  gradual  dissolution,  the  'sans 
everything'  being  the  last  stage  of  the  successive  loss  of  fundamen- 
tal powers.  As  it  is,  however,  death  is  always  more  or  less  violent ; 
the  machine  comes  to  an  end  by  reason  of  the  disorder  caused  by  the 
breaking  down  of  one  of  its  parts.  Life  ceases  not  because  the  mole- 
cular powers  of  the  whole  body  slacken  and  are  lost,  but  because 
a  weakness  in  one  or  other  part  of  the  machinery  throws  its  whole 
working  out  of  gear. 

We  have  seen  that  the  central  factor  of  life  is  the  circulation 
of  the  blood,  but  we  have  also  seen  that  blood  is  not  only  useless, 
but  iujurious,  unless  it  be  duly  oxygenated;  and  we  have  further 
seen  that  in  the  higher  animals  the  oxygenation  of  the  blood  can 
only  be  duly  effected  by  means  of  the  respiratory  muscular  mechan- 
ism, presided  over  by  the  medulla  oblongata.  Thus  the  life  of  a 
complex  animal  is,  when  reduced  to  a  simple  form,  composed  of  three 
fiEU^tors :  the  maintenance  of  the  circulation,  the  access  of  air  to  the 
bsemoglobin  of  the  blood,  and  the  functional  activity  of  the  respira- 
tory centre ;  and  death  may  come  from  the  arrest  of  either  of  these. 
As  Bichat  put  it,  death  takes  place  by  the  heart  or  by  the  lungs  or 
by  the  brain.  In  reality,  however,  when  we  push  the  analysis  further, 
the  central  fact  of  death  is  the  stoppage  of  the  heart,  and  the  conse- 
quent arrest  of  the  circulation ;  the  tissues  then  all  die,  because  the^ 
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lose  their  internal  medium.  The  failure  of  the  heart  may  arise  in 
itself,  on  account  of  some  failure  in  its  nervous  or  muscular  elements, 
or  by  reason  of  some  mischief  affecting  its  mechanical  working.  Or 
it  may  be  due  to  some  fault  in  its  internal  medium,  such  for  instance 
as  a  want  of  oxygenation  of  the  blood,  which  in  turn  may  be  caused 
by  either  a  change  in  the  blood  itself,  as  in  carbonic  oxide  poisoning, 
or  by  a  failure  in  the  mechanical  conditions  of  respiration,  or  by  a 
cessation  of  the  action  of  the  respiratory  centre.  The  failure  of  this 
centre,  and  indeed  that  of  the  heart  itself,  may  be  caused  by  nervous 
influences  proceeding  from  the  brain,  or  brought  into  operation  by 
means  of  the  central  nervous  system;  it  may,  on  the  other  hand, 
be  due  to  an  imperfect  state  of  blood,  and  this  in  turn  may  arise 
from  the  imperfect  or  perverse  action  of  various  secretory  or  other 
tissues.  The  modes  of  death  are  in  reality  as  numerous  as  are  the 
possible  modifications  of  the  various  factors  of  life ;  but  they  all 
end  in  a  stoppage  of  the  circulation,  and  the  withdrawal  from  the 
tissues  of  their  internal  medium.  Hence  we  come  to  consider  the 
death  of  the  body  as  marked  by  the  cessation  of  the  heart's  beat,  a 
cessation  firom  which  no  recovery  is  possible ;  and  by  this  we  are 
enabled  to  fix  an  exact  time  at  which  we  say  the  body  is  dead. 
We  can,  however,  fix  no  such  exact  tin>e  to  the  death  of  the  indi- 
vidual tissuea  They  are  not  mechanisms,  and  their  death  is  a 
gradual  loss  of  power.  In  the  case  of  the  contractile  tissues,  we  have 
in  rigor  mortis  an  apparently  fixed  term,  by  which  we  can  mark  the 
death  of  the  muscles.  If  we  admit  that  after  the  onset  of  rigor 
mortis  recoveiy  of  irritability  is  impossible,  then  a  rigid  muscle  is  one 
permanently  dead.  In  the  case  of  the  other  tissues,  we  have  no  such 
objective  sign,  since  the  rigor  mortis  of  simple  protoplasm  manifests 
itself  chiefly  by  obscure  chemical  signs.  And  in  all  cases  it  is  ob- 
vious that  the  possibility  of  recovery,  depending  as  it  does  on  the 
skill  and  knowleidge  of  the  experimenter,  is  a  wholly  artificial  sign  of 
death.  Yet  we  can  draw  no  other  sharp  line  between  the  seemingly 
dead  tissue  whose  life  has  flickered  down  into  a  smouldering  ember 
which  can  still  be  fanned  back  again  into  flame,  and  the  aggregate  of 
chemical  substances  into  which  the  decomposing  tissue  crumbles. 

Moreover,  the  failure  of  the  heart  is  at  bottom  loss  of  irrita- 
bility, and  the  possibility  of  recovery  here  also  rests,  as  far  as  is 
known  at  present,  on  the  skill  and  knowledge  of  those  who  attempt 
to  recover.  So  that  after  all  the^  signs  of  the  death  of  the  whole  body 
are  as  artificial  as  those  of  the  death  of  the  constituent  tissues. 
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ON  THE  CHEMICAL  BASIS  OF  THE  ANIMAL  BODY. 

Katiye  protoplasm,  whenever  it  can  be  obtained  in  sufficient  quantity  for 
chemical  analysis,  is  found  to  contain  representatives  of  three  large  classes 
of  chemical  substances,  viz,  proteids,  carbohydrates  and  fats,  in  association 
with  smaller  quantities  of  various  saline  and  other  crystalline  bodies.  By 
proteids  are  meant  bodies  containing  carbon,  oxygen,  hydrogen  and  nitrogen 
in  a  certain  proportion,  varying  within  narrow  limits,  and  having  certain 
general  features;  they  are  frequently  spoken  of  as  albuminoids.  By  car- 
bohydrates are  meant  starches  and  sugars  and  their  allies.  Of  these  three 
dasaes  of  bodies,  the  proteids  form  the  diief  mass  of  ordinary  protoplasm, 
but  fats  and  carbohydrates  are  never  wholly  absent.  To  obtain  evidence 
of  the  presence  of  any  one  of  them  in  living  protoplasm  we  are  obliged  to 
sabmit  the  protoplasm  to  destructive  analysis.  We  do  not  at  present 
know  anything  definite  about  the  molecular  composition  of  active  living 
protoplasm;  but  it  is  more  than  probable  that  its  molecule  is  a  large 
complex  one  in  which  a  proteid  substance  is  peculiarly  associated  with  a 
complex  fat  and  with  some  representative  of  the  carbohydrate  group,  Le» 
that  each  molecule  of  protoplasm  contains  residues  of  each  of  these  three 
great  classes. 

The  whole  animal  body  is  modified  protoplasm.  Consequently  when 
we  examine  the  various  tissues  and  fluids  from  a  chemical  point  of  view, 
we  find  present  in  difierent  places,  or  at  difierent  times,  several  varieties 
and  derivatives  of  the  three  chief  classes;  we  find  many  forms  of  proteids 
and  derivatives  of  proteids  in  the  forms  of  gelatine,  chondrin,  dec ;  many 
varieties  of  fats;  and  several  kinds  of  carbohydrates. 

We  find  moreover  many  other  bodies  which  we  may  regard  as  stages 
in  the  constructive  or  destructive  metabolism  of  both  native  and  differen- 
tiated protoplasm,  and  which  are  important  not  so  much  from  the  quantity 
in.  which  they  occur  in  the  animal  body  at  any  one  time  as  from  their 
throwing  light  on  the  nature  of  animal  metabolism;  these  are  such  bodies 
as  urea,  lactic  aqid,  and  the  extractives  in  general* 
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In  the  following  pages  the  chemical  features  of  the  more  important  of 
these  various  substances  which  are  known  to  occur  in  the  animal  body  will 
be  briefly  considered,  such  characters  only  being  described  as  posaesB  or 
promise  to  possess  physiological  interest.  The  physiological  function  of 
any  substance  must  depend  ultimately  on  its  molecular  (including  iti 
chemical)  nature;  and  though  at  present  our  chemical  knowledge  of  the 
constituents  of  an  animal  body  gives  us  but  little  insight  into  their 
physiological  properties,  it  cannot  be  doubted  that  such  chemical  in- 
formation as  is  attainable  is  a  necessary  preliminary  to  all  physiologiod 
study. 


PROTEIDS. 

These  form  the  principal  solids  of  the  muscular,  nervous,  and  glandnlir 
tissues,  of  the  serum  of  blood,  of  serous  fluids,  and  of  lymph.  In  a  heahlij 
condition,  sweat,  tears,  bile  and  urine  contain  mere  traces,  if  any,  of 
proteids.     Their  geneitd  percentage  composition  may  be  taken  as 

O.  H.  N.  C.  a 

From      20-9  69  152    '         515  0*3 

to  23-5        to  7-3        to  170        to  545         to  2-0 

(Hoppe^yler*.) 

These  figures  are  obtained  from  a  consideration  of  numerous  analyaei^  fia^ 
dififerences  in  the  yarious  results  being  immaterial,  where  the  parity  of  the  subitaiiot 
operated  upon  cannot  be  definitely  determined. 

In  addition  to  the  above  constituents,  proteids  leave  on  ignition  a  variable  quaatily 
of  ash.  In  the  case  of  egg-albumin  the  principal  constituents  of  the  ash  are  chlorides 
of  sodium  and  potassium,  the  latter  greatly  exceeding  the  former  in  amount.  Hm 
remainder  consists  of  sodium  and  potassium,  in  combination  with  phosphoric,  snl- 
phuric,  and  carbonic  acids,  and  very  small  quantities  of  calcium,  magnesium  and  iron, 
in  union  with  the  some  acids.  There  is  also  a  trace  of  silica'.  The  ash  of  semm- 
albumin  contains  an  excess  of  sodium  chloride,  but  the  ash  of  the  proteids  of  mosde 
contains  an  excess  of  potash  salts  and  phosphates.  The  nature  of  the  connection  of 
the  ash  with  the  proteid  is  still  a  matter  of  obscurity.  Globin  from  hiemoglobin  ii 
free  from  ash. 

Proteids  are  all  amoq)hous;  some  are  soluble,  some  insoluble  in  water, 
and  all  are  for  the  most  part  insoluble  in  alcohol  and  aether ;  they  are  all 
soluble  in  sti-ong  acids  and  alkalis,  but  in  becoming  dissolved  mostly  undez^ 
decomposition.  Their  solutions  possess  a  left-handed  rotatory  action  on  the 
plane  of  polarisation,  the  amount  depending  on  various  circumstances,  and 
being,  with  one  exception,  viz.  peptones,  changed  by  heating. 

1  Hdh,  Phy$.  Path,  Chem.  Anal.  Ed.  nr.  (1876)  p.  223. 
«  See  Gmelin,  Hhd,  Org,  Chem.  Bd.  viil  p.  285. 
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beir  presence  may  be  detected  by  the  following  tests. 

Heated  with  strong  nitric  add,  they  torn  yellow,  and  this  colour 
the  addition  of  ammonia,  changed  to  a  deep  orange  hue,     (Xantho- 
ic  reaction.) 

With  Millon's  reagent  they  give,  when  present  in  sufficient  quantity, 
cipitate,  which,  with  the  supernatant  fluid,  turns  red  on  heating.  If 
are  only  present  in  traces,  no  precipitate  is  obtained,  but  merely 
3d  colouration. 

With  caustic  soda  solution,  and  one  or  two  drops  of  a  solution  of 
c  sulphate,  a  violet  colour  is  obtained,  which  deepens  on  boiling. 

he  above  serve  to  detect  the  smallest  traces  of  proteids.  The  two 
ring  tests  may  be  used  when  there  is  more  than  a  trace  present. 

Bender  the  fluid  strongly  add  with  acetic  acid,  and  add  a  few 
of  a  solution  of  ferrocyanide  of  potassium;  a  predpitate  shews  the 
Qce  of  proteids. 

Render  the  fluid,  as  before,  strongly  add  with  acetic  acid,  add  an 
volume  of  a  concentrated  solution  of  sodium  sulphate,  and  boil.     A 
pitate  is  formed  if  proteids  are  present. 

is  lust  reaction  is  nsefol,  not  only  on  aoooontof  its  exactness,  bnt  also  beeanse 
agents  used  prodaoe  no  decomposition  of  other  bodies  which  may  be  present ; 
lence  after  filtration  the  same  flnid  may  be  further  analysed  for  other  snb- 
«,  Additional  methods  of  freeing  a  solution  from  proteids  are:  acidulating 
noetic  acid  and  boiling,  avoiding  any  excess  of  the  acid ;  predpitation  by  exoess 
ahol ;  in  the  latter  case  the  solution  must  be  neutral  or  faintly  add.  Hoppe- 
^  recommends  the  employment  of  a  saturated  solution  of  freshly  predpitated 
oxide,  in  acetic  add. 

roteids  may  be  very  conveniently  divided  into  Classes. 

LASS  I.     Native  Albumins. 

[embers  of  this  class,  as  their  name  implies,  occur  in  a  natural  con- 
i  in  animal  tissues  and  fluids.  They  are  soluble  in  water,  are  not 
3itated  by  very  dilute  acids,  by  carbonates  of  the  alkalis,  or  by  sodium 
ide.  They  are  coagulated  by  heating  to  a  temperature  of  about  TO**, 
led  at  40°,  the  resulting  mass  is  of  a  pale  yellow  colour,  easily  friable, 
ess,  and  inodorous. 

Egg-albumin. 
orms   in  aqueous  solution  a  neutral,  transparent,  yellowish  fluid. 
,  this  it  is  precipitated  by  excess  of  strong  alcohoL     If  the  alcohol  be 
ly  removed  the  precipitate  may  be  readily  redissolved  in  water;  if 

>  Op.  eit,  p.  227, 
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subjected  to  lengtliier  action  a  coagulation  occurs,  and  the  albumin  is  then 
no  longer  thus  soluble.  Strong  adds,  especially  nitric  acid,  cause  a  cosguk- 
tion  similar  to  that  produced  bj  beat  or  by  the  prolonged  action  o£  slcohd; 
the  albumin  becomes  profoundly  changed  by  the  action  of  the  add  and 
does  not  dissolve  upon  removal  of  the  acid.  MeiQiirie  chloride,  nlfcr 
nitrate,  and  lead  acetate,  precipitate  the  albumin  without  coagulation; 
on  removal  of  the  precipitant  the  precipitate  may  be  redissolved. 

Strong  acetic  acid  in  excess  gives  no  precipitate,  but  when  the  solutifli 
is  concentrated  transforms  it  into  a  transparent  jelly.  A  similar  jellj  is 
produced  when  strong  caustic  potash  is  added  to  a  concentrated  solution  of 
egg-^bumin.     In  both  these  cases  the  substance  is  |Nrofoundly  altered. 

The  specific  rotatory  power  of  egg-albumin  in  aqueous  solution  ii^  for 
yellow  light,  *35*5^  Hydrochloric  acid,  added  until  the  reaction  is  stron^j 
acid,  increases  this  rotation  to  —  37  *7^  The  formation  of  the  geladnooi 
compound  with  caustic  potash  is  at  first  accompanied  with  an  increase^  bat 
this  is  followed  by  a  decrease  of  rotation. 

FreparcUion,  White  of  hen's  egg  is  broken  up  with  scissors  into  smill 
pieces,  diluted  with  an  equal  bulk  of  water,  and  the  mixture  shaken 
strongly  in  a  flask  till  quite  frothy;  on  standing,  the  foam  rises  to  the  to(^ 
and  carries  all  the  fibres  in  whose  meshwork  the  albumin  was  contained. 
The  fluid,  from  which  the  foam  has  been  removed,  is  strained,  and  treated 
carefully  with  dUute  acetic  acid  as  long  as  any  precipitate  is  fonned; 
the  precipitate  is  then  filtered  ofi*,  and  the  filtrate  after  neutralisation  oqb- 
centrated  at  40^  to  its  original  bulk« 

• 

2.     SerumrcUbumin, 

This  form  of  albumin  resembles,  to  a  great  extent,  the  one  preriooslr 
described.     The  following  may  suffice  as  distinguishing  features. 

1.  The  specific  rotation  of  serum-albumin  is  —66';  that  of  egg- 
albumin  is  -  35*5°,  both  measured  for  yellow  light. 

2.  Serum-albumin  is  not  coagulated  by  sether,  ^;g-albumin  is. 

3.  Serum-albumin  is  not  very  readily  precipitated  by  strong  hydro- 
chloric acid,  and  such  precipitate  as  does  occur  is  readily  redissolved  on 
further  addition  of  the  acid;  the  exact  reverse  of  these  two  features  holds 
good  for  egg-albumin. 

4.  Precipitated  or  coagulated  serum-albumin  is  readily  soluble,  egg- 
albumin  is  with  difficulty  soluble,  in  strong  nitric  acid. 

Serum-albumin  is  foimd  not  only  in  blood-serum,  but  also  in  lymph, 
both  that  contained  in  the  proper  lymphatic  channels  and  that  diffused 
in  the  tissues,  in  chyle,  milk,  transudations,  and  many  pathological  fluids. 
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It  is  this  form  which  albumin  generally  assumes  when  it  appears  in  the 
urine. 

In  addition  to  the  above,  Soherer  ^  has  described  two  closely  related  bodies,  to  which 
he  giyes  the  names  Paralbumin  and  Metalbomin.  The  first  he  obtained  from  OTarian 
^Bts ;  its  alkaline  solutions  are  remarkable  for  \^eiug  very  ropy.  It  seems  doubtful 
whether  this  body  is  a  proteid ;  it  differs  sensibly  in  composition  from  these.  Haerlin' 
giyee  as  its  composition,  0. 26*8,  H.  6*9,  N.  12*8,  C.  51*8,  S.  1*7  p.  c.  It  seems  to  be 
associated  with  some  body  like  glycogen,  capable  of  being  converted  into  a  substance 
giving  the  reactions  of  dextrose.  Metalbumin,  found  in  a  dropsical  fluid,  resembles  the 
{ireoeding,  but  is  however  not  precipitated  by  hydroohlprio  add,  or  by  acetic  acid  and 
lerrocyanide  of  potassium;  it  is  precipitated,  but  not  coagulated,  by  alcohol;  its 
aolntion  is  scarcely  coagulated  on  boiling. 

Albumins  are  generally  found  associated  with  small  but  definite 
amounts  of  saline  matter.  A  Schmidt*  says  that  they  may  be  freed  from 
these- by  dialysis,  and  that  they  are  then  not  coagulated  on  boiling.  From 
this  it  might  be  inferred  that  the  albumin  and  the  saline  matters  were 
peculiarly  related,  and  that  the  latter  played  some  special  part  during  the 
coagulation  of  the  former  by  heat.  Schmidt's  observations  however  have 
not  been  conclusively  corroborated  by  subsequent  observers. 


O1.ASS  IL     Derived  Albumins  {Albfiminates). 

1.     Acid-Mumiru 

When  a  native  albumin  in  solution,  such  as  serum-albumin,  is  treated 
for  some  little  time  with  a  dilute  acid  such  as  hydrochloric,  its  properties 
become  entirely  changed.  The  most  marked  changes  are  (1)  that  the 
solution  is  no  longer  coagulated  by  heat ;  (2)  that  when  the  solution  is 
carefully  neutralized  the  whole  of  the  proteid  is  thrown  down  as  a  pre- 
cipitate; in  other  words,  the  serum-albumin  which  was  soluble  in  water, 
cft  at  least  in  a  neutral  fluid  containing  only  a  small  quantity  of  neutral 
salts,  has  become  converted  into  a  substance  insoluble  in  water  or  in 
iffiTOiUr  neutral  fluids.  The  body  into  which  serum>albimiin  thus  becomes 
converted  by  the  action  of  an  add  is  spoken  of  as  (icicMbumin.  Its 
characteristic  features  are  that  it  is  insoluble  in  distilled  water,  and 
in  neutral  saline  solutions,  such  as  those  of  sodium  chloride,  -  that  it 
is  readily  soluble  in  dilute  acids  or  dilute  alkalis,  and  that  its  solutions 
in  adds  or  alkalis  are  not  coagulated  by  boiling.  When  suspended, 
in  the  undissolved  state,  in  water,  and  heated  to  70^,  it  becomes  coagulated, 
and  is  then  undistinguishable  from  coagulated  serum-albumin,  or  indeed 
from  any  other  form  of  coagulated  proteid.     It  is  evident  that  the  sub- 

1  Anruder  Chem.  und  Pharm.  6d.  82,  p.  185. 

*  Chem.  CentraWlatt,  1862.    No.  56. 

*  Pfliiger*s  Archiv  xi.  (1875),  p.  1. 
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stance  when  in  solntioa  in  ft  dihite  acid  is  i&  a  Afferent  ean£ftim  from 
that  in  which  it  is  when  precipitated  bj  neotnliaitian.  If  a  quantity 
of  serom-  or  ^g-albomin  be  treated  with  dOnte  hydrodblarie  add,  it  will  be 
found  that  the  oonTenion  of  the  natxre  aDNonin  into  aod-albiimin  ii 
gradual;  a  specimen  heated  W  7(f  immediatdj  after  the  additJon  of  the 
dilate  add,  will  coagulate  almost  as  nsoal;  and  anothfT  ^'^^■"■wwi  taken 
at  the  same  time  will  gLye  hardl j  any  precipitate  on  nentraliaation.  Some 
time  later,  the  interral  depending  oq  the  proportioa  of  the  add  to  the  albu- 
min, on  temperature,  and  on  other  cireumstances,  the  coagnlation  will  be 
ksBy  and  the  neutrafisaticHi  precipitate  will  be  considerable.  Still  later  the 
coagulation  will  be  absent,  and  the  whole  of  the  pcoteid  will  be  thnyvn 
down  on  neutnJisatian. 

If  finely-chopped  muade,  from  whidi  the  soluble  albumins  have  bees 
remored  hj  repeated  washing  be  treated  for  sone  time  with  dihte 
('4  per  cent.)  hydrochloric  add,  the  greater  part  of  tiie  muade  ia  diasolfedl 
The  transparent  add  filtrate  contains  a  large  quantitj  of  proteid  matedii 
in  a  form  which,  in  its  general  diazacten  at  leasts  agieea  with  tdd- 
albumin.  The  add  aeration  of  the  proteid  is  not  coagulated  bj  boifiii^ 
bat  the  whole  ol  the  proteid  k  precq^tated  on  neutralisation;  and  tbe 
predpitate^  insoluble  in  neutral  sodium  diloride  sohitiQns^  is  readilj  & 
solTed  b J  eren  dilute  acids  or  alkalis^  The  proteid  thus  obtained  from 
muscle  has  been  called  fynlom it,  but  we  hare  at  present  no  satiBfiMtaiy 
t€8t  to  i^iatingntjih  the  add-albomin  (or  sjntonin)  prepared  from  mnde 
from  that  {prepared  from  egg-  (ht  serum-albumin.  When  coagulated  albmniii 
or  other  coagulated  proteid  or  fibrin  is  dis8<^Ted  in  strong  adds,  acid- 
albumin  is  formed ;  and  when  fibrin  or  anj  other  proteid  is  acted  upon  br 
gastric  jxiioe,  add-albomin  is  one  of  the  first  products ;  and  these  add- 
albumins  cannot  be  distinguished  from  add-albomin  prepared  from  musde 
or  native  albumin.  Though  hydrochloric  add  is  perhapa  the  most  eon- 
venient  acid  for  forming  acid-albumin,  other  adds  maj  also  be  used  for 
the  purpose  of  preparing  it.  Add-albumin  is  soluble  not  only  in  dilute 
alkaliSf  but  also  in  dilute  solutions  of  alkaline  carbonates;  its  solutions  in 
these  are  not  coagulated  bv  boiling. 

If  sodium  chloride  in  excess  is  added  to  an  add  solution  of  add- 
albumin^  the  acid-albumin  is  predpitated:  this  also  occurs  on  adding 
sodium  acetate  or  phoephate. 

As  s^^ecial  tests  of  acid-albumin  may  be  given :  1.  Partial  coagulstiiii 
of  its  solution  in  lime-water  on  boiling.  2.  Further  predpitation  of  the 
same  solution  after  boiling,  on  the  addition  of  caldum  chlonde^  msgnesium 
sulphate,  or  sodium  chloride. 

l>issolved  in  venr  dilute  hjdrodiloric  add,  add-albomin  (srntonin) 
prejHureil  from  muscle  jx«sesaes  a  specific  laevo-rotatorj  power  of  -  72*  for 
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yellow  lights  this  being  independent  of  the  concentration*.  On  heating 
the  solution  in  a  closed  yessel  in  a  water-bath,  the  rotatory  power  rises 
to-84-8'. 


2.    Alkali-albumifL 

If  serum-  or  egg-albumin  or  washed  muscle  be  treated  with  dilute  alkali 
instead  of  with  dilute  acid,  the  proteid  undergoes  a  change  quite  similar 
to  that  which  was  brought  about  by  the  acid.  The  alkaline  solution,  when 
the  change  has  become  complete,  is  no  longer  coagulated  by  heat,  the  pro- 
teid is  wholly  precipitated  on  neutralisation,  and  the  precipitate,  insoluble 
in  water  and  in  neutral  sodium  chloride  solutions,  is  readily  soluble  in 
dilute  acids  or  alkalis.  Indeed  in  a  general  way  it  may  be  said  that  acid- 
albumin  and  alkali-albumin  are  nothing  more  than  solutions  of  the  same 
substance  in  dilute  acids  and  alkalis  respectively.  When  the  precipitate 
obtained  by  the  neutralisation  of  a  solution  of  acid-albumin  in  dilute  acid 
is  dissolved  in  a  dilute  alkali,  it  may  be  considered  to  become  alkali- 
albumin;  and  conversely  when  the  precipitate  obtained  from  an  alkali- 
albumin  solution  is  dissolved  in  dilute  acid,  it  may  be  regarded  as  acid- 
albumin. 

A  characteristic  feature  of  this  modified  or  derived  albumin  is  that 
it  is  not  precipitated  when  its  alkaline  solutions  are  neutralised  in  the 
presence  of  alkaline  phosphates;  the  acid  solutions  on  the  contrary  are 
precipitated  on  neutralisation  in  the  presence  of  alkaline  phosphates.  Hence 
it  18  frequently  said  that  acid-albumin  is  precipitated  on  neutralisation 
in  the  presence  of  alkaline  phosphates,  but  that  alkali-albumin  is  not. 

Alkali-albumin  may  be  prepared  by  the  action  not  only  of  dilute 
alkalis  but  also  of  strong  caustic  alkalis  on  native  albumins  as  well  as  on 
coagulated  albumin  and  other  proteids.  The  jelly  produced  by  the  action 
of  caustic  potash  on  concentrated  white  of  e^^  spoken  of  in  Class  I.  1,  is 
alkali-albumin;  the  similar  jelly  produced  by  strong  acetic  acid  is  acid- 
albumin. 

Both  alkali-  and  acid-albumin  are  with  difficulty  precipitated  by  alcohol 
from  their  alkaline  or  acid  solutions.  The  neutralisation  precipitate  how- 
ever becomes  coagulated  under  the  prolonged  action  of  alcohoL 

The  body  'protein/  for  whose  existence  Holder  has  so  much  contended,  appears,  if 
it  exists  at  all,  to  be  closely  connected  with  this  body.  All  subsequent  observers  have 
liowever  failed  to  confirm  his  views. 

The  rotatory  power  of  alkali-albumin  varies  according  to  its  source; 
ihiis  when  prepared  by  strong  caustic  potash  from  serum-albumin,  the 
xoiation  rises  from  -  56*  (that  of  serum-albumin)  to  -  86*,  for  yellow  light 

1  Hoppe-Seyler,  Hdhk.  Pky$.  Path,  Chem,  Anal  p.  S46. 
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Similarly  prepared  from  egg-albumin,  it  rises  from  —  35*5*  to  —47*,  and 
if  from  coagulated  white  of  eggj  it  rises  to  —  58*8*«  Hence  the  existence 
of  various  forms  of  alkali-albumin  is  probable. 

In  addition  to  the  methods  given  above,  alkali-albnmin  maybe  also  readily  obtained 
by  shaking  milk  with  strong  oanstio  soda  solution  and  ffither,  removing  the  ctheriil 
solution,  precipitating  the  remaining  floid  with  acetic  add  and  washing  the  precipitate 
with  water,  cold  alcohol  and  sther. 

The  most  satisfactory  method  of  regarding  add-  and  alkali-albumin  is 
to  consider  them  as  respectively  acid  and  alkali  compounds  of  the  neu- 
tralisation precipitate.  We  have  reason  to  think  that  when  the  precipitate 
is  dissolved  in  either  an  acid  or  an  alkali,  it  does  enter  Into  combination 
with  them.  The  neutralisation  precipitate  is  in  itself  neither  acid-  ncHr 
alkali-albumin,  but  may  become  either,  upon  solution  in  the  respective 
reagent. 

It  is  probable  that  several  derived  albumins  exist,  differing  according  to  the  protdd 
from  which  they  are  formed  or  possibly  according  to  the  mode  of  their  preparation,  tnd 
that  each  of  these  may  exist  in  its  correlative  forms  of  acid-  and  alkali-albumin ;  bot 
the  whole  subject  requires  further  investigation. 

Acid-albumin,  prepared  by  the  direct  action  of  dilute  acids  on  native 
albumins  or  on  muscle-substance,  contains  sulphur,  as  shewn  by  the  brown 
colouration  which  appears  when  the  precipitate  is  heated  with  caustic  potash 
in  the  presence  of  basic  lead  acetate.  Alkali-albumin,  at  all  events  as  pre- 
pared by  the  action  of  strong  caustic  potash  or  soda,  does  not  contain  any 
sulphur;  and  the  acid-albumin,  prepared  by  the  solution  in  an  acid  of  the 
neutralisation  precipitate  from  such  an  alkali-albumin  solution,  is  similarly 
free  from  sulphur. 

3.     Casein, 

This  is  the  well-known  proteid  existing  in  milk.  When  freed  fix)m  fat» 
and  in  the  moist  condition,  it  is  a  white,  friable,  opaque  body.  In  most  of 
its  reactions  it  corresponds  closely  with  alkali-albumin ;  thus  it  is  readily 
soluble  in  dilute  acids  and  alkalis,  and  is  re-precipitated  on  neutralisation; 
if,  however,  potassium  phosphate  is  present,  as  is  the  case  in  milk,  the  solu- 
tion must  be  strongly  acid  before  any  precipitate  is  obtained. 

It  is  generally  said  to  be  distinguished  from  artificial  alkali-albumin,  hj 
the  following  tests.  1.  The  latter  if  heated  with  caustic  potash  yields 
no  sulphide  of  the  alkali;  casein  does.  2.  Casein  digested  with  artificial 
gastric  juice  gives  a  body  containing  phosphorus,  whereas  an  alkali-albumin 
containing  no  phosphoi-us  can  be  prepared  from  white  of  egg. 

Casein,  as  occurring  in  milk,  has  had  several  reactions  ascribed  to  it,  as  charader- 
istic ;  but  these  lose  their  importance  on  considering  that  milk  contains,  in  addition  to 
casein,  other  substances  such  as  potassium  phosphate,  and  a  number  of  bodies  which 
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yield  adds  by  fermentation.  The  presence  of  potassiom  phosphate  has  an  especial 
influence  on  the  reaction  of  casein.  In  the  entire  absence  of  this  salt,  acetic  acid  in  the 
snudlest  quantities,  as  also  carbonic  acid,  gives  a  precipitate ;  but  if  this  salt  is  present, 
carbonic  acid  gives  no  precipitate,  and  acetic  acid  one  only  when  the  solution  is  add 
from  the  presence  of  free  acid,  and  not  from  that  of  acid  potassium  phosphate^. 

When  prepared  from  milk  bj  magnesium  sulphate  (see  below),  freed 
hj  aether  from  fats,  and  dissolved  in  water,  casein  possesses  a  specific  rotsr 
tory  power  of  —80®  for  yellow  light;  in  dilute  alkaline  solutions,  of  —76"; 
in  strong  alkaline  solutions,  of  —  91";  in  dilute  hydrochloric  add,  of  —  87\ 

Casein  has  been  asserted  to  occur  in  muscle,  in  serous  fluids,  and  in 
blood-serum.  In  many  cases  it  has  probably  been  confounded  with  globu- 
lin  (see  Class  III.);  but  blood-serum  and  muscle-plasma  undoubtedly  con^ 
tain  an  alkali-albumin  in  addition  to  whatever  globulin  may  be  present. 
Its  presence  may  be  shewn  by  adding  dilute  acetic  acid  to  blood-serum 
which  has  been  freed  from  globulin  by  a  current  of  carbonic  acid  gas;  a  dis- 
tinct precipitate  is  thrown  down.  A  substance  similar  to  casein  has  also 
been  described  as  existing  in  unstriated  muscle  and  in  the  protoplasm  of 
nerve-cells. 

Preparation,  Dilute  milk  with  several  times  its  bulk  of  water,  add 
dilute  acetic  acid  till  a  precipitate  begins  to  appear,  then  pass  a  current  of 
carbonic  acid  gas,  filter,  and  wash  the  precipitate  with  water,  alcohol  and 
sether.  Magnesium  sulphate  added  to  saturation  also  precipitates  casein 
from  milk;  as  the  precipitate  thus  formed  is  readily  soluble  on  the  addition 
of  water. 

Class  IIL     Globtdins. 

Besides  the  native  albumins  there  are  a  number  of  native  proteids 
which  differ  from  the  albumins  in  not  being  soluble  in  distilled  water; 
they  need  for  their  solution  the  presence  of  an  appreciable,  though  it  may 
be  a  small,  quantity  of  a  neutral  saline  body  sucE  as  sodium  chloride. 
Thus  they  resemble  the  albuminates  in  not  being  soluble  in  distilled  water, 
but  differ  from  them  in  being  soluble  in  dilute  sodium  chloride  or  other 
neutral  saline  solutions.  Their  general  characters  may  be  stated  aa 
follows. 

They  are  insoluble  in  water,  soluble  in  dilojbe  (1  p.c.)  solutions  of  sodium 
chloride;  they  are  also  soluble  in  dilute  acids  and  alkalis,  being  changed  on 
solution  into  acid-  and  alkali-albumin  respectively.  The  saturation  with 
solid  sodium  chloride  of  their  solutions  in  dilute  sodium  chloride,  precipi* 
tates  most  members  of  this  class. 

1.     Olobvlin  (CrystaUin). 

If  the  crystalline  lens  be  rubbed  up  with  fine  sand,  extracted  with 
water  and  filtered,  the  filtrate  will  be  found  to  contain  at  least  three 

1  See  KtJmeb  Lehrhuehf  p.  565. 
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proteids.     On  passing  a  current  of  carbonic  add  gas  a  copioos  predpitate 

occurs;  this  is  globulin. 

The  addition  of  dilate  aoetio  aoid  to  the  filtrate  from  the  globulin,  gtres  a  praopi- 
tate  of  alkali-albumin ;  and  the  filtrate  from  this  if  heated  givee  a  further  preeqntate, 
due  to  Benun-albimiin. 

In  its  general  reactions  globulin  corresponds  almost  ezacdj  with  the 
next  members  of  this  class  (paraglobulin  and  fibrinogen),  but  has  no  power 
to  form  or  promote  the  formation  of  fibrin  in  fluids  containing  the  above- 
mentioned  bodies,  and  possesses  the  following  special  features.  1.  According 
to  Lehmann,  its  oxygenated,  neutral  solutions  become  doudj  on  heating  to 
73*,  and  are  coagulated  at  93^  2.  It  is  readilj  predpitated  on  theadditian 
of  alcohoL  According  to  Hoppe-Sejler,  it  is  not  predpitated  on  saturati<Hi 
with  sodium  chloride^  resembling  vitellin  in  this  respect. 

2.     Paragtobidin  (Fibrinoplastin). 

FreparoUum,  Blood-serum  is  diluted  ten-fold  with  water,  and  a  Isisk 
current  of  carbonic  add  gas  is  passed  through  it.  The  first-formed  cloadi- 
ness  soon  becomes  a  flocculent  predpitate,  which  is  finally  quite  granular, 
and  may  easily  be  separated  by  decantation  and  filtration:  it  should  be 
washed  on  the  filter  with  water  containing  carbonic  add.  It  may  also  be 
separated  from  serum,  by  saturation  with  sodium  chloride,  or  magnesiiim 
sulphate. 

From  its  solution  in  dilute  sodium  chloride,  it  may  be  predpitated  by  a 
current  of  carbonic  acid  gas,  or  the  addition  of  eoxeedingly  dilute  (less  tban 
1  pro  mille)  acetic  acid.  If  the  acid  is  strong  enough  to  dissolve  the 
precipitated  proteid,  this  becomes  immediately  changed  into  acid-albumin 
(Class  II.).  In  pure  water,  free  from  oxygen,  paraglobulin  is  insoluble, 
but  on  shaking  with  air  or  passing  a  current  of  oxygen,  solution  readilr 
takes  place ;  from  this  it  may  be  re-precipitated  by  a  current  of  carbonic 
acid  gas.  Very  dilute  alkalis  dissolve  this  body  without  change;  if,  bow- 
ever,  the  strength  of  the  alkali  be  raised  even  to  1  p.  c.  the  paraglobulin  is 
changed  into  alkali-albumin  (Class  II.). 

According  to  Kiihne  and  A.  Schmidt  the  solutions  of  this  body  in  water 
containing  oxygen  or  in  very  dilute  alkalis  are  not  coagulated  on  heating. 
The  sodium  chloride  solutions  are  however  coagulable,  and  if  the  sub- 
stance itself  be  suspended  in  water  and  heated  to  70**  it  is  coagulated. 
Although  insoluble  in  alcohol,  its  solutions  are  with  difficulty  predpitated 
by  this  reagent. 

A  characteristic  test  for  this  body  is  that  it  gives  rise  to  fibrin  when 
added  to  many  transudations,  e,g.  hydrocele,  pericardial,  peritoneal,  and 
pleural  fluids. 

Paraglobulin  occurs  not  only  (and  chiefly)  in  blood-serum,  but  it  is  also 
foimd  in  white  corpuscles,  in  the  stroma  of  red  corpuscles  (to  some  extent 
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at  least),  in  oonnectiYe  tissue,  cornea,  aqueous  humour,  Ijmpli,  chyle,  and 
serous  fluids. 

For  the  oeonrrenoe  of  globulin  in  urine,  see  Edlefsen^  and  Senator'. 

3.  Fibrinogen,  ' 

The  general  reactions  of  this  bodj  are  identical  with  those  of  paraglo- 
bulin.  The  characteristic  test  for  its  presence  is  the  formation  of  fibrin 
when  its  solution  is  added  to  a  solution  known  to  contain  paraglobulin  and 
fibrin-ferment.  Minor  differences  between  the  two  may  be  thus  enume- 
rated:— In  the  preparation  of  fibrinogen,  the  containing  fluid  must  be 
much  more  strongly  diluted,  and  the  current  of  carbonic  acid  gas  must  pass 
for  a  much  longer  time.  The  precipitate  thus  obtained  differs  from  that  of 
|>araglobulin  in  that  it  forms  a  viscous  deposit,  adhering  more  closely  to 
the  sides  and  bottom  of  the  containing  vessel;  there  is  also  no  flocculent 
stage  previous  to  the  viscous  precipitate.  The  two  also  exhibit  slight 
microscopical  differences.  Alcohol  and  ssther  both  precipitate  this  body 
from  its  solution,  but  a  mixture  of  the  two  (3  parts  alcohol,  1  part  ether) 
is  most  effectual 

Fibrinogen  occurs  in  blood,  chyle,  serous  fluids,  and  in  various  transu- 
dations. 

Preparation,  This  is  the  same  as  for  paraglobulin,  regard  being  had  to 
the  peculiarities  mentioned  above. 

There  is  no  proof  that  the  whoU  of  the  substance  thrown  down  by  car- 
bonic acid  from  diluted  blood-serum  is  fibrinoplastic.  We  know  for  certain 
(see  p*  21)  that  the  whole  of  the  fibrinoplastic  precipitate,  used  to  cause 
the  coagulation  of  a  fibrinogenous  fluid,  does  not  enter  into  the  composition 
of  the  fibrin  produced;  we  also  know  that  such  a  precipitate  may  lose  its 
fibrinoplastic  powers  without  any  marked  change  in  its  general  reactions. 
It  would  seem  advisable  therefore  to  speak  of  the  deposit  produced  by 
carbonic  acid  in  dilute  serum,  or  by  saturation  with  sodium  chloride  in  un- 
diluted serum,  as  globulin,  and  to  distinguish  it  as  fibrinoplastic  globulin 
when  it  is  able  to  give  rise  to  fibrin.  Fibrinogen  similarly  might  be 
spoken  of  as  fibrinogenous  globulin.  The  name  crystallin  rather  than 
globulin  might  then  be  given  to  the  substance  obtained  from  the  crystal- 
line lens. 

4.  Myosin, 

This  is  the  substance  which  forms  the  chief  proteid  constituent  of  dead, 
rigid  muscle;  its  general  properties  and  mode  of  preparation  have  been 
already  described  at  p.  33.  In  the  moist  condition,  it  forms  a  gelatinous, 
elastic,  clotted  mass;  dried,  it  is  very  brittle,  slightly  transparent  and 

1  Centralhlattf.  d,  med.  Wus.  1870,  p.  867.    Also  Arch,  f.  klin.  Med,  Bd.  7,  p.  69. 
*  Virohow'8  Archiv,  Bd.  60,  p.  476. 
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elastic.  From  its  solution  in  a  sodium  chloride  solution  it  is  precipitated, 
either  by  extreme  dilution,  or  by  saturation  with  the  solid  salt.  The  same 
solution,  if  exposed  to  a  rising  temperature,  becomes  milky  at  55*,  and  gives 
a  flocculent  precipitate  at  60®.  This  is  however  no  longer  myosin,  for  it 
is  insoluble  in  a  10  p.  c.  sodium  chloride  solution,  and  does  not,  until 
after  many  days'  digestion,  yield  syntonin  on  treatment  with  hydrochloric 
acid  (*1  p.  c.).  It  is  in  fact  coagulated  proteid  (see  Class  Y.).  A  similar 
coagulation  occurs  if  the  solid  substance  be  suspended  in  water  and  heated 

to70^ 

Myosin  is  excessively  soluble  in  dilute  acids  and  alkalis,  but  under- 
goes in  the  act  of  solution  a  radical  change,  becoming  in  the  one  case  acid- 
albumin  or  syntonin,  in  the  other  alkali-albumin  (Class  II.). 

Like  fibrin,  it  can  in  some  casefl  decompose  hydrogen  dioxide,  and  oxidise  gnaiacnm 
to  a  blue  colour. 

5.      ViteUin. 

As  obtained  from  yolk  of  egg,  of  which  it  is  the  chief  proteid  con- 
stituent, vitellin  is  a  white  granular  body,  insoluble  in  water,  but  very  soluble 
in  dilute  sodium  chloride  solutions;  it  surpasses  myosin  in  this  respect, 
for  the  solution  may  be  easily  filtered.  Saturation  with  solid  sodium 
chloride  gives  no  precipitate;  in  this  respect  it  differs  from  most  other 
members  of  this  class.  In  yolk  of  egg  vitellin  is  always  associated  with, 
and  probably  exists  in  combination  with,  the  peculiar  complex  body  lecithin 
(see  p.  609).  From  this  it  has  not  as  yet  been  freed  without  coagulation 
occurring;  hence  probably  we  are  unacquainted  with  it  in  its  normal  state. 

Denis,  and  after  him,  Hoppe-Seyler,  have  shewn  that  vitellin  before  the  treatment 
requisite  to  free  it  from ,  lecithin,  possesses  properties  quite  different  from  otha 
proteids. 

A  theory  has  been  advanced  that  vitellin  is  really  a  complex  body  like 
hsemoglobin,  and  on  treatment  with  alcohol  splits  up  into  coagulated  pro- 
teid and  lecithin.  When  well  purified  it  contains  '75  p.  c.  sulphur,  but 
no  phosphorus.  Dilute  acids  or  alkalis  readily  convert  it  in  its  un- 
coagulated  form  into  a  member  of  Class  II. 

Fremy  and  Valenciennes^  have  described  a  series  of  proteids,  viz.  ichthin,  ichthidin, 
&Q.t  derived  from  fish  and  amphibia.  They  appear  to  be  cither  identical  with,  or 
closely  related  to,  vitellin. 

Preparation,  Yolk  of  egg  is  treated  with  successive  quantities  of  lether, 
as  long  as  this  extracts  any  yellow  colouring  matter;  the  residue  is  dis- 
solved in  moderately  strong  {ex,  gr,  5  p.  c.)  sodium  chloride  solution,  and 
filtered.  The  filtrate  on  falling  into  a  large  excess  of  water  is  precipitated 
In  this  state  it  is  mixed  with  lecithin,  and  in  order  to  free  it  from  this, 

1  Compt,  Rend,  T.  38,  p.  469  and  625. 
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it  is  usually  treated  with  alcoboL     This,  as  above  stated,  entirely  changes 
the  vitellin  into  a  coagulated  form. 

6.     Glohin. 

Globin,  stated  by  "Prejer  ^  to  be  the  proteid  residue  of  the  complex  body  bsemo- 
globin  (see  p.  279),  ought  probably  to  be  considered  as  an  outlying  member  of  this 
class.  It  is  however  not  readily  soluble  either  in  dilute  acids  or  sodium  chloride 
solutions*    It  is  remarkable  for  being  absolutely  free  from  ash. 

Class  IV.     Fibrin, 

Insoluble  in  water  and  dilute  sodium  chloride  solutions;  soluble  with 
difficulty  in  dilute  acids  and  alkalis,  and  more  concentrated  neutral  saline 
solutions. 

Fibrin,  as  ordinarily  obtained,  exhibits  a  filamentous  structure,  the  com- 
ponent threads  possessing  an  elasticity  much  greater  than  that  of  any 
other  known  solid  proteid. 

If  allowed  to  form  gradually  in  large  masses,  the  filamentous  structure  is  not  so 
noticeable,  and  it  resembles  in  this  form  pure  indiarubber.  Such  lumps  of  fibrin  are 
capable  of  being  split  in  any  direction,  and  no  definite  arrangement  of  parallel  bundles 
of  fibres  can  be  made  out. 

At  ordinary  temperatures  fibrin  is  insoluble  in  water,  being  dissolved 
only  at  very  high  temperatures,  and  then  undergoing  a  complete  change  in 
its  characters.  In  hydrochloric  acid  solutions  of  1 — 5  p.  c.  fibrin  swells 
up  and  becomes  transparent,  but  is  not  dissolved*.  In  this  condition 
the  mere  removal  of  the  acid  by  an  excess  of  water,  neutralisation,  or  the 
addition  of  some  salt,  causes  a  return  to  the  original  state.  If,  however, 
the  acid  be  allowed  to  act  for  many  days  at  ordinary  temperatures  or  for  a 
few  hours  at  40® — 60®,  solution  takes  place,  and  the  resulting  proteid 
is  syntonin.  In  dilute  alkalis  and  ammonia,  fibrin  is  much  more  readily 
soluble,  though  in  this  case  also  the  solution  is  greatly  aided  by  warming ; 
the  resulting  fluid  contains  no  longer  fibrin,  but  alkali-albumin.  This  pro- 
perty is  not  distinctly  characteristic  of  fibrin,  although  it  dissolves  perhaps 
more  readily  in  both  dilute  acids  and  alkalis  than  do  coagulated  proteids. 
None  of  these  solutions  can  be  coagulated  on  heating,  which  is  intelligible 
when  it  is  remembered  that  they  no  longer  contain  fibrin,  but  either  acid- 
or  alkali-albumin.  In  addition  to  the  above,  fibiin  is  soluble,  though  with 
difficulty  and  only  after  a  considerable  time,  in  10  p.  c.  solutions  of  sodium 
chloride,  potassium  nitrate  or  sodium  sulphate.  These  solutions  may  be 
coagulated  by  a  temperature  of  60®;  in  fact,  by  the  action  of  the  neutral 
saline  solutions  the  fibrin  has  become  converted  into  a  body  exceedingly 
like  myosin  or  globulin. 

1  BlutkryitalU  (1871)  p.  166. 

*  Complete  solution  may  howeyer  take  place  if  the  fibrin  contain  pepsin.  Roe  note, 
P.S21. 
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On  ignitibn  of  fibrin  a  residue  of  inoi*ganic  matter  is  always  obtained ; 
it  is,  however,  considered  that  sulphur  is  the  only  one  of  these  dements 
which  enters  essentially  into  its  composition.  In  other  respects  fibrin 
corresponds  entirely  in  general  composition  with  other  proteids. 

Suspended  in  water  and  heated  to  70^,  it  loses  its  elasticity,  and 
becomes  opaque;  it  is  then  indistinguishable  from  other  coagolated 
proteids. 

A  pecnliar  property  of  this  body  remains  yet  to  be  mentioned,  Tiz.  its  power  of 
decomposing  hydrogen  dioxide.  Pieces  of  fibrin  placed  in  this  fluid,  though  tbem- 
selves  undergoing  no  change,  soon  become  covered  with  bubbles  of  oxygen;  and 
gnaiocum  is  tamed  blue  by  fibrin  in  presence  of  hydrogen  dioxide  or  ozonised  tnr- 
pentine.    In  the  language  of  Schonbein's  theory  fibrin  is  an  ozone-bearer. 

Preparation,  Either  by  washing  blood-clots,  or  whipping  blood  witb  a 
bundle  of  twigs  and  then  washing.  If  required  quite  colourless  it  should 
be  prepared  from  plasma  free  from  corpuscles. 

When  globulin,  myosin,  and  fibrin  are  compared  with  each  other,  it  will 
be  seen  that  they  form  a  series  in  which  myosin  is  intermediate  between 
globulin  and  fibrin.  Globulin  is  excessively  soluble  in  even  the  most 
dilute  acids  and  alkalis ;  fibrin  is  almost  insoluble  in  these ;  while  myosm, 
though  more  soluble  than  fibrin,  is  less  soluble  than  globulin.  Globulin 
again  dissolves  with  the  greatest  ease  in  a  very  dilute  solution  of  sodinm 
chloride.  Myosin,  on  the  other  hand,  dissolves  with  difiSculty ;  it  is  mndi 
more  soluble  in  a  10  per  cent,  than  in  a  one  per  cent,  solution  of  sodium 
chloride;  and  even  in  a  10  per  cent,  solution  the  myosin  can  hardly  be 
said  to  be  dissolved,  so  viscid  is  the  resulting  fluid  and  with  such  difficulty 
does  it  filter.  Fibrin  again  dissolves  with  great  difliculty  and  very  slowly 
in  even  a  10  per  cent,  solution  of  sodium  chloride,  and  in  a  one  per  cent 
solution  it  is  practically  insoluble.  When  it  is  remembered  that  fibrin 
and  myosin  are,  both  of  them,  the  results  of  coagulation,  their  similarity  is 
intelligible.  Myosin  is  in  fact  a  somewhat  more  soluble  form  of  fibrin, 
deposited  not  in  thi-eads  or  filaments  but  in  clumps  and  masses. 

Class  V.      Coagulated  Proteids. 

These  are  insoluble  in  water,  dilute  acids  and  alkalis,  and  neutral  saline 
solutions  of  all  strengths.  In  fact  they  are  really  soluble  only  in  strong 
acids  and  strong  alkalis,  though  prolonged  action  of  even  dilute  acids  and 
alkalis  will  effect  some  solution,  especially  at  high  temperatures.  During 
solution  in  strong  acids  and  alkalis  a  destructive  decomposition  takes  place, 
but  some  amount  of  acid-  or  alkali-albumin  is  always  produced. 

Very  little  is  known  of  the  chemical  characteristics  of  this  class. 
They  are  produced  by  heating  to  70®,  solutions  of  egg-  or  serum-albumin, 
globulins  suspended  in  water  or  dissolved  in  saline  solutions,  fibrin  8us- 
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pended  in  water  or  dissolved  in  saline  solutions,  or  precipitated  acid-  and 
alkali-albumin  suspended  in  water.  Thej  are  readily  converted  at  the 
temperature  of  the  bodj  into  peptones,  by  the  action  of  gastric  juice  in  an 
acid,  or  of  pancreatic  juice  in  an  alkaline  medium. 

Class  VL     Peptones.' 

Very  soluble  in  water,  and  not  precipitated  from  their  aqueous  solutions 
by  the  addition  of  acids  or  alkalis,  or  by  boiling.  Insoluble  in  alcohol,  they 
are  precipitated  with  difficulty  by  this  reagent,  and  are  unchanged  in  the 
process;  they  differ  from  all  other  proteids  in  not  being  coagulated  by 
exposure  to  alcohol.  They  are  not  precipitated  by  cupric  sulphate,  ferric 
chloride,  or,  except  in  the  instances  to  be  mentioned  presently,  by  potas- 
sium ferrocyanide,  and  acetic  acid.  In  these  points  they  differ  from  most 
other  proteids.  On  the  other  hand,  precipitation  is  caused  by  chlorine, 
iodine,  tannin,  mercuric  chloride,  nitrates  of  mercury  and  silver,  and 
both  acetates  of  lead ;  also  by  bile-acids  in  an  acid  solution.  In  common 
with  all  proteids,  these  bodies  possess  a  specific  Issvo-rotatory  power  over 
polarised  light;  but  they  differ  from  all  other  proteids  in  the  fact  that 
boiling  produces  no  change  in  the  amount  of  rotation. 

A  solution  of  peptones,  mixed  with  a  strong  solution  of  caustic  potash, 
gives,  on  the  addition  of  a  mere  trace  of  cupric  sulphate,  a  red  colour. 
An  excess  of  the  cupric  salt  gives  a  violet  colour,  which  deepens  in 
tint  on  boiling.  Other  proteids  simply  give  the  violet  colour.  But  the 
most  characteristic  feature  of  peptones  is  their  extreme  diffusibility,  a 
property  which  they  alone,  of  all  the  proteids,  may  be  said  to  possess, 
since  all  other  forms  of  proteids  pass  through  membranes  with  the  greatest 
difficulty,  if  at  all. 

Notwithstanding  their  probable  formation  in  large  quantities  in  the 
stomach  and  intestine,  to  judge  from  the  result  of  artificial  digestion,  a 
very  small  quantity  only  can  be  found  in  the  contents  of  these  organs,  or 
in  the  chyle.  They  are  probably  absorbed  as  soon  as  formed.  Another 
point  of  interest  is  their  reconversion  into  other  forms  of  proteids,  since 
this  must  occur  to  a  great  extent  in  the  body.  We  are  however  un- 
acquainted with  any  processes  able  to  effect  this  reverse  change. 

Production,  All  proteids,  with  the  exception  of  lardacein,  yield  pep- 
tones (and  other  products)  on  treatment  with  acid  gastric  or  alkaline 
pancreatic  juice,  most  readily  at  the  temperature  of  the  human  body. 
Peptones  are  likewise  produced,  in  the  absence  of  pepsin  and  trypsin,  by 
the  action  of  dilute  and  moderately  strong  acids  at  medium  temperatures, 
also  by  the  action  of  distilled  water  at  very  high  temperatures  and  great 
pressure.     For  various  methods  of  preparing  peptones,  see  Adamkiewicz'. 

^  Die  Natur  u.  NUhrwerih  d.  Peptons  (1877),  p.  83. 
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No  exact  difference  in  percentage  composition  between  peptones  and  the 
proteids  from  which  they  are  formed  has,  at  present^  been  established 

We  have  used  the  phrase  'peptones'  in  the  plural  number 
because  we  have  reason  to  think  that  more  than  one  kind  of  peptone 
exists.  Meissner^  described  three  peptones,  naming  them  respectivelj 
A-  B-  and  C-peptone.  He  distinguished  them  as  follows.  A-peptone  is 
precipitated  from  its  aqueous  solutions  by  concentrated  nitric  acid,  and 
also  by  potassium  ferrocyanide  in  the  presence  of  even  weak  acetic  add. 
B-peptone  is  not  precipitated  by  concentrated  nitric  acid,  nor  will  potasnum 
ferrocyanide  give  a  precipitate  unless  a  considerable  quantity  of  stnmg 
acetic  acid  be  added  at  the  same  time.  C-peptone  is  precipitated  neither 
by  nitric  acid  nor  by  potassium  ferrocyanide  and  acetic  acid,  whatever  he 
the  strength  of  the  acetic  acid.  In  place  however  of  speaking  of  all  these 
as  peptones,  it  is  better  to  consider  C-peptone  as  the  only  real  peptone,  and 
the  A-  and  B-peptones  as  not  peptones  at  all.  Nevertheless  we  have 
reason,  from  the  researches  of  Ktlhne,  to  speak  of  more  than  one  peptone, 
viz.  of  a  hemipeptone  which  is  capable  under  the  action  of  tiypsin  of 
being  converted  into  leucin  and  tyrosin,  and  of  an  antipeptone  which 
resists  such  a  decomposition.  The  name  antipeptone  is  given  to  the  latter 
on  account  of  this  resistance  which  it  offers  towards  trypsin ;  the  name 
hemipeptone,  given  to  the  former,  signifies  that  this  peptone  is  the  twin  or 
correlative  half  of  antipeptone. 

We  have  seen  (p.  191)  that  when  any  proteid  is  digested  with  pepon, 
what  we  may  preliminarily  call  a  bye-product  makes  its  appearance 
This  bye-product,  which  has  many  resemblances  to  acid-albumin  or  srn- 
tonin,  appearing  as  a  neutralisation  precipitate  soluble  in  dilute  acids 
and  alkalis  but  insoluble  in  distilled  water,  is  generally  spoken  of  as 
parapeptone,  According  to  Finkler'  this  neutralisation  precipitate  is  es- 
pecially abundant  if  the  pepsin  be  previously  modified  by  exposure  to  % 
temperature  of  40**  to  60**  C.  The  i)epsin  thus  modified  is  spoken  of  bj 
Finkler  as  *isopepsin.'  Many  authors  i*egard  parapej^tone,  syntonin,  and 
acid-albumin  as  being  the  same  thing.  MeLssner  however  gave  the 
name  parapeptone  to  a  body,  which  need  not  and  probably  does  not 
make  its  appearance  during  normal  natural  digestion  or  during  artificial 
digestion  with  a  thoroughly  active  pepsin,  but  which  is  formed  when 
proteids  are  subjected  to  the  action  of  weak  hydrochloric  acid,  either 
alone  or  in  company  with  an  imperfectly-acting  pepsin,  and  which  in 
certain  characters  is  quite  distinct  from  ordinary  syntonin  or  acid-albiunin. 
Its  distinguishing  feature  is  that  it  cannot  be  changed  into  peptone  bj 
the  action  of  even  the  most  energetic  pepsin,  though  it  is  readily  so  con- 

^  Zeitschr.f.  Rat.  Med.^  Bde.  vii.,  viii.,  x.,  xii.  and  xrv. 
»  PflUger's  Archiv,  xiv.  (1877)  p.  128. 
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verted  under  the  influence  of  trypsin ;  otherwise  it  very  closely  resembles 
syntonin*  We  have  here  an  indication  that  the  simple  characters  by 
which  we  have  described  acid-albumin  may  be  borne  by  bodies  haying 
marked  differences  from  each  other.  The  researches  of  KUhne,  to  which 
we  have  briefly  referred  in  the  text  (p.  202),  have  thrown  an  important 
light  on  these  differences.  The  fundamental  notion  of  Ktlhne's  view  is 
that  an  ordinary  native  albumin  or  fibrin  contains  within  itself  two  residues, 
which  he  calls  respectively  an  anti-residue  and  a  hemi-residue.  The  result 
of  either  peptic  or  tryptic  digestion  is  to  split  up  the  albumin  or  fibrin,  and 
to  produce  on  the  part  of  the  anti-residue  antipeptone,  and  on  the  part 
of  the  hemi-residue  hemipeptone,  the  latter  being  distinguished  from  the 
former  by  its  being  susceptible  of  further  change  by  tryptic  digestion  into 
leucin,  tyrosin,  ko,  Antipeptone  remains  as  antipeptone  even  when  placed 
iinder  the  action  of  the  most  powerful  trypsin,  provided  putrefactive 
changes  do  not  intervene. 

Before  the  stage  of  peptone  (whether  anti-  or  hemi-)  is  reached,  there 
is  an  intermediate  stage  corresponding  to  the  formation  of  syntonin.  In 
both  normal  peptic  and  tryptic  digestion  antipeptone  is  preceded  by 
an  anti-albumose,  and  hemipeptone  by  a  hemi-albumose.  Of  these  the 
anti-albumose  is  closely  related  to  syntonin,  and  has  hitherto  been 
regarded  as  syntonin.  The  hemi-albumose  has  not  been  so  frequently 
observed ;  it  was  however  isolated  by  Meissner ;  it  is  apparently  the  body 
called  by  him  A-peptone.  It  possesses  a  peculiar  feature  in  being  soluble 
at  about  70*^0.,  and  being  re-precipitated  on  cooling;  in  this  respect  it 
closely  resembles  a  proteid  body  observed  by  Bence-Jones  in  the  urine  of 
osteomalacia.  It  approaches  myosin  in  being  readily  soluble  in  a  10  per 
cent,  solution  of  sodium  chloride. 

If  however  albumin  be  digested  with  insufficient  or  with  imperfectly 
acting  pepsin,  or  simply  with  dilute  hydrochloric  acid  at  40°,  anti-albumose 
is  not  formed,  but  in  its  place  a  body  makes  its  appearance  which  Ktthne 
calls  anti-albumate*.  Its  characteristic  property  is  that  it  cannot  be  con- 
verted by  peptio  digestion  into  peptone,  though  it  can  be  so  changed  by 
tryptic  digestion.     It  is  in  fact  the  parapeptone  of  Meissner. 

It  may  perhaps  be  advisable,  now  that  Meissner's  parapeptone  is  cleared 
up,  to  reserve  the  name  parapeptone  for  the  initial  products  of  both  pei)tic 
and  tiyi>tic  digestion,  to  speak  of  anti-albumose  and  hemi-albumose  as  being 
both  parapeptones.  But  in  this  sense  parapeptone  will  be  an  intermediate 
and  not  a  collateral  product  of  digestion. 

Meissner  also  described  a  particularly  insoluble  form  of  his  parapeptone 
as  dyspeptone,  and  another  intermediate  product  as  metapeptone;  but 
farther  investigation  of  both  these  bodies,  as  well  as  of  his  B-peptone, 

^  An  albumate  must  not  be  oonfounded  with  an  allmminate. 
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is  necessary.  Under  the  influence  of  dilute  hydrochloric  add,  anti- 
albumate  becomes  changed  into  *a  body  which  KClhne  calls  anti-albumid 
and  which  seems  identical  with  the  very  insoluble  proteid  described  by 
Schtttzenberger  as  *  hemiprotein/  and  probably  with  Meissner's  dyspep- 
tone.  The  same  body  is  produced  at  once  in  company  with  products 
belonging  to  the  hemi-group  by  the  action  of  3  to  5  per  cent,  sulphuric  add 
on  native  albumin  or  fibrin.  The  following  table  shews  the  relations 
and  genesis  of  the  bodies  we  have  just  described.  The  several  products 
(antipeptone,  &c.)  are  given  in  duplicate,  on  the  hypothesis  (which  thougk 
not  proved  is  probable)  that  the  changes  of  digestion  are  essentially  hydro- 
lytic  chauges,  accompanied  by  a  deduplication.  That  just  as  a  moleciil6 
of  starch  splits  up  into  at  least  two  molecules  of  dextrose,  or  as  a  molecnk 
of  cane-sugar  splits  up  into  a  molecule  of  dextrose  and  a  molecule  rf 
levulose,  so  a  molecule  of  antialbumose,  for  instance,  splits  np  into  two 
molecules  of  antipeptone,  and  so  on.  But  the  whole  scheme  is  of  coarae 
only  provisional. 

Decomposition  op  Peoteids  by  Digestion. 

Albumin.  i 

>  ^ 

Antialbumose.  Hemialbumose.  ^ 

I I 


. ir-T^    .         .S 


Antipeptone.         Antipeptone.  Hemipeptone.         Hemipeptone.   1> 

_J .  !  \i 

« »  .  « — : — '      1   .   I « 

Leucin.  Tyrosin.    Leucin.  Tyrosm.]  g 

etc.  etc.  jc* 

Decomposition  by  Acids. 

1. 

By  -25  p.  c.  HCl  at  40*  C. 
Albumin. 

I 

Antialbumate.  Hemialbumose. 

I  J 


Antialbumid.  Hemii)eptoiie.   Hemipeptone. 

2. 

By  3—5  p.  c.  H.SO^  at  100"  C. 
Albumin. 

I 

r -J TTi 

Antialbumid.  Hemialbumose, 


Hemij)eptone.  HemiiJeptone. 

I  I 

Leucin.  Tyrosin.  eta  Leucin.  Tyrosin.  etc. 
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Class  VU,     Lardacein^  or  t/ie  siHxUled  amyloid  auhstance. 

The  substance  to  which  the  above  name  is  applied,  is  found  as  a  deposit 
tn  the  spleen  and  liyer,  also  in  numerous  other  oi^ns,  such  as  the  blood- 
^esselsy  kidneys,  lungs,  &c. 

It  is  insoluble  in  water,  dilute  acids  and  alkalis,  and  neutral  saline 
Bolutions. 

In  centesimal  composition  it  is  almost  identical  with  other  proteids^ 
viSbi — 

0.  and  S.  H.  N.  0. 

24-4  70  150  53-6 

The  sulphur  in  this  body  exists  in  the  oxidised  state,  for  boiling  with 
Cftustic  potash  gives  no  sulphide  of  the  alkali  The  above  results  of 
tnalysis  would  lead  at  once  to  the  ranking  of  lardacein  as  a  proteid,  and 
khis  is  borne  out  by  other  facts.  Strong  hydrochloric  acid  converts  it  into 
icid-albumin,  and  caustic  alkalis  into  alkali-albumin.  On  the  other  hand, 
it  exhibits  the  following  marked  differences  from  other  proteids: — ^It  wholly 
resists  the  action  of  ordinary  digestive  fluids;  it  is  coloured  red,  not  yellow, 
by  iodine,  and  violet  or  pure  blue  by  the  joint  action  of  iodine  and  sul- 
phuric acid.  From  these  last  reactions  it  has  derived  one  of  its  names, 
'amyloid,'  though  this  is  evidently  badly  chosen.  Not  only  does  it 
differ  from  the  starch  group  in  composition,  but  by  no  means  can  it  be 
oonverted  into  sugar:  this  latter  is  one  of  the  crucial  tests  for  a  true 
member  of  the  amyloid  group.  According  to  Heschl'  and  Comil'  anilin- 
yiolet  (methyl-anilin)  colours  lardaceous  tissue  rosy  red,  but  sound  tissue 
blue. 

The  eolonrg  mentioned  above,  as  being  produoed  by  iodine  and  snlphnrie  aoid,  are 
mneh  clearer  and  brighter  when  the  reagents  are  applied  to  the  purified  lardaoein. 
When  the  reagents  are  applied  to  the  omde  substance  in  its  normal  position  in  the 
kiasnes,  the  colours  obtained  are  always  dark  and  dirty-looking. 

Purified  lardacein  is  readily  soluble  in  moderately  dilute  ammonia,  and 
can,  by  evaporation,  be  obtained  from  this  solution  in  the  ibrm  of  tough, 
gelatinous  flakes  and  limips;  in  this  form  it  gives  feeble  reactions  only  with 
iodine.  J£  the  excess  of  ammonia  is  expelled,  the  solution  becomes  neutral, 
and  is  precipitated  by  dilute  acids. 

FreparcUion.  The  gland  or  other  tissue  containing  this  body,  is  cut  up 
into  small  pieces,  and  as  much  as  possible  of  the  surrounding  tissue 
lemoved.  The  pieces  are  then  extracted  several  times  with  water  and 
dilate  alcohol,  and  if  not  thus  rendered  colourless,  are  repeatedly  boiled 
with  alcohol  containing  hydrochloric  acid.     The  residue  after  this  operation 

1  C.  Schmidt,  Ann,  d.  Chem,  u.  Pharm.  Bd.  110,  p.  250,  and  Friedreich  and  Eeknlu, 
TIzdbow's  ArchiVt  Bd.  16,  p.  50. 

*  Wien.  med,  Wochentckr,  No.  82,  p.  714. 
>  Compt.  Bend.  May  24, 1875. 
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is  digested  at  40^,  with  good  artificial  gastric  juice  in  excess,  EyeiTihing 
except  lardacein,  and  small  quantities  of  mnciny  nuclein,  keratLn,  together 
with  some  portion  of  the  elastic  tissue,  will  thus  be  diaaolved  and  remoTed*. 
From  the  latter  impurity  it  may  be  separated  by  decanftation  of  the 
finely-powdered  substance. 

The  chief  products  of  the  decomposition  of  proteids  are  ammonis, 
carbonic  acid,  leucin  and  tyrosin.  Several  other  bodies,  for  the  most  part, 
like  leucin,  amidated  acids,  such  as  aspartic  acid,  glutamic  acid,  kc.,  have 
also  been  obtained.  But  urea  has  never  yet  been  derived  by  direct  de- 
composition from  proteid  material,  the  statements  to  this  effect  having 
been  based  on  errors.  In  spite  of  numerous  researches,  we  cannot  at 
present  state  definitely  what  is  the  real  constitution  of  a  proteid,  or  in  what 
manner  these  several  residues  are  contained  in  the  undecomposed  substance. 
It  is  unnecessary  to  give  here  any  of  the  f  ormuke,  nearly  all  empirical,  which 
have  be^  made  to  represent  these  bodies ;  they  all  give  with  equal  exacti- 
tude the  percentage  composition^  but  beyond  this  they  are  untrustworthj. 
Of  the  various  attempts  which  have  been  made  to  assign  to  proteids  some 
definite  molecular  structure,  none  appear,  at  the  present  stage  of  informa- 
tion, sufficiently  reliable  for  general  acceptance. 

Among  the  most  elaborate  labonrs  in  this  direction  may  be  mentioned  those  of 
Hlasiwetz  and  Haberman.  In  their  first  publication*,  starting  from  the  general  simi- 
larity of  the  products  of  decomposition  of  the  proteids  and  oarbohydrateSy  they  tiled  to 
establish  a  definite  relation  between  the  two  classes  of  bodies.  In  this  they  were  not 
successful,  and  from  their  second  research*  they  come  to  the  conclaaion  that  the  carbo- 
hydrates take  no  part  in  the  formation  of  the  proteids. 

Other  experiments  in  the  same  direction  are  due  to  SchUtzenberger-*.  He  shews 
that  albumin  can  be  decomposed  into  carbonic  anhydride  and  ammonia,  and  that  the 
ratio  of  these  two  is  the  same  as  though  urea  had  been  the  body  on  which  he  operated. 
From  this  he  concludes  that  "  the  molecule  of  albumin  contains  the  grouping  of  nres 
and  represents  a  complex  ureide.'*  In  his  second  publication  ^  he  confirms  his  preTiona 
results,  stating  that  the  ammonia,  carbonic  anhydride  and  oxalic  acid,  produced  bj  the 
decomposition  of  proteids,  are  so  connected  quantitatively  as  to  be  capable  of  deriyatioQ 
from  varying  proportions  of  urea  and  oxamide.  He  also  obtained  from  the  decomposi- 
tion of  proteids  a  nitrogenous  residae  which  could  be  formulated  as  giving  rise  to  all  the 
amidated  acids  and  other  bodies  spoken  of  above.  Thus  according  to  him,  albomiiit 
1>uilt  up  as  a  complex  ureide,  decomposes  into  ammonia,  carbonic,  oxaUc,  and  aeette 
acids,  and  this  nitrogenous  body:  this  last  then  gives  rise  to  the  other  products  of  de- 
composition. 

It  will   be  noticed  that  in  the  general   description  of  the  various 
proteids,  distinctive  reactions  for  each  could  not  be  given,  but  that  varying 

1  Kuhne,  Virchow's  Arch,  Bd.  88. 

'  Ann.  d,  Chem.  u.  Pharm,  Bd.  159,  p.  304, 

»  Ibid.  Bd.  169,  p.  160. 

*  Comptes  Rendus,  T.  80,  p,  232. 

*  Ibid.  T.  81,  p.  1108. 


App.]        chemical  basis  of  the  animal  body.  591 

solubilities  were  the  chief  means  at  our  disposal  for  distinguishing  them. 
They  maj  be  arranged  according  to  their  solubilities  in  the  following 
tabular  form. 

Soluble  tn  diatUled  water: 

Aqueous  solution  not  coagulated  on  boiling Peptones. 

Aqueous  solution  coagulated  on  boiling    AUnimine. 


I 


Insoluble  in  distilled  footer : 

Soluble  in  NaCl  solution  1  per  cent GlohiUins, 

Insoluble      „  ,,,  ,, 

Soluble  in  Ha  -1  per  cent  in  the  cold ]  ^^    «?^  ^^'^^ 

J       albumin. 

Insoluble  in  HCl  '1  per  cent,  in  the  cold,  but)    t^i^ 

soluble  at  60*  J      ^     ^' 

Insoluble  in  HCl  *1  per  cent,  at  60° ;  soluble  in  strong  acids. 

Soluble  in  gastric  juice    Coagulated  albumin. 

Insoluble        ,,         „       Lardacein, 

Such  a  classification  is  however  obviouslj  a  wholly  artificial  one,  use- 
ful for  temporary  purposes,  but  in  no  way  illustrating  the  natural  relations 
of  the  several  members.  Nor  is  a  division  into  'native'  and  *  derived' 
proteiils  much  more  satisfactory.  It  is  true  that  we  may  thus  put  together 
serum-  and  egg-^bumin,  with  vitellin,  myosin,  and  fibrin,  on  the  one  hand; 
and  peptones,  coagulated  proteids,  and  acid-  with  alkali-albumin,  on  the 
other.  But  in  what  light  are  we  to  consider  casein,  seeing  that  though  a 
natural  product,  it  has  so  many  resemblances  to  alkali-albumin  f  Moreover 
the  system  of  classification  must  be  useless  which  would  place  fibrinoplastic 
globulin  and  fibrinogen  in  the  same  class  as  fibrin,  and  yet  we  can  hardly 
speak  of  either  of  the  two  former  bodies  as  derived  proteids.  If  the  view 
be  true  that  when  fibrin  is  converted  into  peptone  the  large  molecule  of  the 
former  is  split  up,  with  assumption  of  water,  into  two  smaller  molecules  of 
the  latter,  one  belonging  to  the  'anti'  and  the  other  to  the  'hemi'  group,  we 
might  speculate  on  a  possible  classification  of  all  proteids  into  hemi-proteids, 
anti-proteids  and  holo-proteids.  Thus  serum-  and  egg-albumin,  myosin,  and 
fibrin  would  be  undoubtedly  holo-proteids,  peptones  either  anti-  or  hemi- 
proteids,  and  we  should  have  to  distinguish  probably  in  the  heterogeneous 
group  of  derived  albumins  both  anti-,  hemi-  and  holo-proteid  members.  It  is 
possible,  moreover,  that  fibrinoplastic  and  fibrinogenous  globulin  and  casein 
may  be  natural  hemi-  or  anti-proteids  and  not  holo-proteids.  But  we 
have  at  present  no  positive  knowledge  on  these  points. 
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NiTBOOENous  Non-Crystalline  Bodies  allied  to  PBorsiDfi. 

These  resemble  the  proteids  in  many  general  points,  but  exhibit  among 
themselves  much  greater  differences  than  the  proteids  do.  As  regards 
their  molecular  structure  nothing  satisfactory  is  known.  Their  percentage 
composition  approaches  that  of  the  proteids,  and  like  these  thej  yield,  under 
hydroljtic  treatment,  large  quantities  of  leucin  and  in  some  cases  tyroeiD. 
They  are  all  amorphous. 

Muctm    (0,35-75.    H,6-81.    N,  8.50.    0,48-94)'. 

The  characteristic  component  of  mucus.  Its  exact  composition  is  not 
yet  known,  the  figures  given  above  being  merely  an  approximation. 

AlS  occurring  in  the  normal  condition  it  gives  to  the  fluids  which  contain 
it  the  well-known  ropy  consistency,  and  can  be  precipitated  from  these  bj 
acetic  acid,  alcohol,  alum  and  mineral  acids;  the  latter,  if  in  excess, 
redissolve  the  precipitate,  but  this  is  not  the  case  with  acetic  acid.  In  iti 
precipitated  form  it  is  insoluble  in  water,  but  swells  up  strongly  in  it,  and 
this  effect  is  increased  by  the  presence  of  many  alkali  salts.  Alkalis  and 
alkaline  earths  dissolve  it  readily.  Its  solutions  do  not  dialyse;  thej 
give  the  proteid  reactions  with  Millon's  reagent  and  nitric  acid,  but  none 
with  sulphate  of  copper,  and  are  precipitated  by  basic  lead  acetic  onlj 
when  neutral  or  faintly  alkaline.  According  to  Eichwald',  when  heated 
with  dilute  mineral  acids,  mucin  yields  acid-albumin,  and  another  bodj 
which  in  many  of  its  properties  closely  resembles  a  sugar;  it  reduces 
solutions  of  cupric  sulphate.  Prolonged  boiling  with  sulphuric  acid  gives 
leucin  and  about  7  p.  c.  of  tyrosin.  • 

Preparation,  From  ox-gall,  by  precipitation  with  alcohol,  redissolving 
in  water  and  precipitating  with  acetic  acid.  It  is  readily  obtained  from 
any  of  its  solutions,  by  the  addition  of  acetic  acid. 

ChomlHn,    (O,  31-04.     H,  6-76.     N,  13-87.     C,  47-74.     S,  -60  pc.)'. 

This  is  usually  regarded  as  forming  the  essential  part  of  the  matrix  of 
hyaline  cartilage,  and  is  contained  in  the  interstices  of  the  fibres  in  elastic 
cartilage.  A  similar  substance  can  be  prepared  from  the  cornea.  Boiled 
with  water,  it  dissolves  slowly,  forming  an  opalescent  solution,  which  is 
precipitated  by  acetic  acid,  lead  acetate,  dilute  mineral  acids,  aliun,  and 
salts  of  silver  and  copper ;  an  excess  of  the  last  four  reagents  redissolves 
the  precipitate.  Solutions  of  this  body  gelatinise  on  standing,  even  if 
very  dilute;  the  solid  mass  is  insoluble  in  cold  water,  readily  soluble  in 
hot  water,  alkalis  and  ammonia. 

^  Eichwald,  Ann,  d,  Chem.  u.  Pharm,  Bd.  134,  p.  193. 
'  Op,  cit. 

'  I.  V.  Mering,  Beitrag  tar  ChenUe  det  KnorjteUt  18T3.  i 

I 
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The  aqueous  and  alkaline  solutions  of  chondrin  possess  a  left-handed 
rotatory  power  on  polarised  light  of  —  213'6®;  in  presence  of  excess  of 
alkali  this  becomes  -  552  *0^  both  measured  for  jellow  light. 

It  seems,  according  to  the  observations  of  manj,  that  chondrin  can,  by 
beating  with  hydrochloric  acid,  be  converted  into  a  body  whose  reactions 
resemble  those  of  syntonin,  and  another  substance,  which  like  the  similar 
product  from  mucin,  so  far  resembles  grape  sugar  that  it  reduces  cupric 
salts  in  alkaline  solution^;  it  appears  however  to  contain  nitrogen.  A 
recent  observer'  has  denied  the  existence  of  chondrin  as  a  distinct  sub- 
stance and  regards  it  as  in  all  cases  a  mere  mixture  of  other  bodies. 
He  states  that  a  substance  having  all  the  reactions  of  the  so-called 
'  chondrin,  may  at  any  time  be  produced  by  a  mixture  of  mucin,  glutin  and 
inorganic  salts.  The  extreme  similarity  in  the  reactions  of  chondrin  and 
mucin  point  to  a  close  relationship  between  the  two.  The  whole  sub- 
jecty  however,  requires  more  complete  investigation.  With  alkalis  or 
dilute  sulphuric  acid  chondrin  gives  leucin,  but  no  tyrosin  or  glycocolL 
Whether  chondrin  exists  as  such  in  cartilage  is  uncertain ;  it  seems  pro- 
bable that  it  does  not,  since  its  extraction  from  cartilage  requires  an 
amount  of  boiling  with  water  much  greater  than  that  requisite  to  dissolve 
dried  chondrin. 

Preparation,  From  cartilage  by  extracting  with  water,  and  precipi- 
tating with  acetic  acid. 

Glutin  (yr  Gelatin.  (O,  23-21.  H,  715.  N,  18-32.  C,  50-76.  S, 
•56  p.c.) 

This  is  the  substance  which  is  yielded  when  connective  tissue  fibres  are 
heated  for  several  days  with  very  dilute  acetic  acid,  at  a  temperature  of 
about  15®  C,  or  when  they  are  treated  with  water  in  a  digester.  The 
elastic  elements  of  connective  tissure  are  imafiected  by  the  above  treatment. 

As  obtained  in  this  way  glutin  is  when  heated  a  thin  fluid,  solidi- 
fying on  cooling  to  the  well-known  gelatinous  form.  When  dried  it  is 
ft  colourless,  transparent,  brittle  body,  swelling  up  in  cold  water,  but 
remaining  undissolved;  heating,  or  the  addition  of  traces  of  acids  or  alkalis, 
readily  effects  its  solution.  Wlien  dissolved  in  water  it  possesses  a  Isqvo* 
rotatory  power  of  —130®,  at  30®  C;  the  addition  of  strong  alkali  or  acetic 
acid  reduces  this  to  -112®  or  —114®,  both  measured  for  yellow  light  ■, 
Its  solutions  will  not  dialyse. 

Mercuric  chloride  and  tannic  acid  are  the  only  two  reagents  which  yield 
insoluble  precipitates  with  this  body.     Its  presence  prevents  the  action  of 

*  De  Baiy,  Hoppe-Seyler^s  Vntertueli.  Hft.  i.  p.  71. 

*  Moroohowetz,  Verhand,  NaiwhUU  Med,  Ver.  Heidelberg,  Bd.  i.  Hft.  5. 

*  Hoppe-Seyler,  Hdhk.  p.  222. 

F.P.  ^ 


594  GELATIN,  d-e.  [App. 

Trommer's  sugar  test,  since  it  readily  dissolves  up  the  precipitated  caprous 
oxide.  The  proteid  reactions  of  glutin  are  so  feeble  that  they  are  probably 
due  merely  to  impurities.  Heated  with  sulphuric  add  it  yields  ammonia, 
leucin  and  glycocoU,  but  no  tyrosin. 

It  appears  improbable  that  glutin  exists  ready  farmed  in  oomiectiTe 
tissue  tibres,  since  these  do  not  swell  up  in  water,  and  only  yield  glutin 
after  prolonged  treatment  with  boiling  water ;  to  which  it  may  be  added 
that  while  glutin  is  acted  upon  by  trypsin,  the  connective  tissue  fibres  in 
their  natural  condition  resist  its  action  (see  p.  203). 

JSlaatin.     (0,  205.     H,  74.     K,  16-7.     C,  56-5  p.c.) 

This  characteristic  component  of  elastic  fibres  is  left  on  the  remcrral 
of  all  the  glutin,  mucin,  &c.  from  such  tissues  as  ^^ligamentum  nuchs,** 
advantage  being  taken  of  its  not  being  altered  when  it  is  heated  with  water, 
even  under  pressure,  with  strong  acetic  acid,  or  with  dilate  ftllritliR.  When 
moist  it  is  yellow  and  elastic,  but  on  drying  becomes  brittle.  It  is  soluble 
in  strong  alkalis  at  boiling  temperatures;  concentrated  sulphuiic  and  nitric 
acids  however  dissolve  it  in  the  cold.  It  is  precipitated  from  solutions  bj 
tannic  acid,  but  not  by  the  addition  of  ordinary  acids.  Notwithstanding 
that  it  closely  approaches  the  proteids  in  its  percentage  composition,  and 
gives  distinct  although  feeble  proteid  reactions,  any  very  close  relationslup 
between  the  two  appears  improbable,  since  elastin  when  treated  'with 
sulphuric  acid,  yields  leucin  (30 — 40  p.c.)  only  and  no  tyrosin. 

Hilger^  has  obtained  a  similar  body  from  the  shell  membrane  of  snakes' 
eggs. 

Keratin.  (O,  20  7— 250.  H,  6-4— 70.  N,  16-2— 17-7.  C,  503- 
52-5.     S,  -7— 50  p.c.) 

This  body,  though  somewhat  resembling  the  proteids  in  general  compo- 
sition, diflfere  from  them  and  also  from  the  preceding  bodies  so  widely  in 
other  proi)erties,  that  its  description  is  placed  here  for  convenience  rather 
than  anything  else.  Hair,  nails,  feathers,  horn,  and  epidermic  scales  con- 
sist for  the  most  part  of  keratin.  Heated  with  water  in  a  digester  at  150* 
kemtin  is  partially  dissolved  with  evolution  of  sulphuretted  hydrt^n ;  the 
solution  then  gives  with  acetic  acid  and  feiTOcyanide  of  potassium  a  precipi- 
tate solu])le  in  excess  of  the  acid.  Prolonged  boiling  with  alkalis  and  acids, 
even  acetic,  dissolves  keratin ;  the  alkaline  solutions  evolve  sulphuretted 
hydrogen  on  treatment  with  acids.  The  sulphur  in  keratin  is  evidently 
very  loosely  united  to  the  substance,  and  in  all  its  reactions  there  appears 
to  be  a  want  of  similanty  between  keratin  and  either  proteids,  mucin  or 
gelatin.     The  most  common  of  its  products  of  decom[>osition  are  leucin 

^  Ber.  d.  deutsch.  cJiem.  Gesellseh,  1873,  p.  166. 
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(10  p.c.),  and  tTrosin  (3*6  p.  a),  and  some  aspartic  acid;  no  glycin  is 
formed.  What  is  generally  known  as  keratin  is  probably  a  compound 
body,  which  has  not  yet  been  resolved  into  its  components. 

Ewald  and  KtLhne^  have  described  a  new  body  to  which,  since  it  occurs  as 
a  constituent  of  nervous  tissue  (both  of  nerves  and  of  the  central  nervous 
system),  and  is  yet  closely  identical  with  ordinary  homy  tissue,  they  give  the 
name  of  neuro-keratin.  It  is  prepared  in  quantity  from  the  brain  by  ex- 
tracting this  tissue  with  alcohol  and  sether,  and  subjectiiig  the  residue  to 
the  action  of  pepsin  and  trypsin.  The  final  residuUm.is  heuro-keratini 
and  amounts  to  15 — 20  p.  c.  of  the  original  tissua 

Discovered  by  Miescher'  in  the  nuclei  of  pus  corpuscles  and  in  the 
yellow  corpuscles  of  yolk  of  egg.  Other  observers  have  subsequently 
obtained  it  from  yeast,  from  semen,  from  the  nuclei  of  the  red  blood-cor- 
puscles of  birds  and  amphibia,  from  hepatic  cells,  and  it  is  probably  present 
in  all  nuclei 

When  newly  prepared  it  is  a  colourless  amorphous  body,  soluble  to  a 
slight  extent  in  water,  readily  soluble  in  many  alkaline  solutions ;  but  its 
solubilities  alter  on  keeping.  If  added  gradually  in  sufficient  quantity  to 
a  solution  of  caustic  alkali  it  first  neutralises  the  solution  and  then  tenders 
it  acid.  It  seems  to  possess  an  indistinct  xanthoproteic  reaction,  but  gives 
no  reaction  with  Millon's  fluid.  It  yields  precipitates  with  several  salts, 
e.  g.  zinc  chloride,  silver  nitrate,  and  cupric  sulphate. 

Preparation,  This  is  difficult,  since  nuclein  is  easily  decomposed*.  The 
most  remarkable  feature  of  this  body  is  its  large  percentage  of  phosphorus, 
9 '5  9  per  cent.  This  phosphorus  is  readily  separated  by  boiling  with  strong 
hydrochloric  acid  or  caustic  alkalis;  the  same  occurs  when  solutions  of 
nuclein  are  acidulated  and  allowed  to  stand. 

CARBOHYDRATES. 

Certain  members  only  of  this  class  occur  in  the  human  body;  of 
these,  the  most  important  and  wide  spread  is  that  known  as  grape-sugar, 
or  dextrose  (glucose),  with  which  diabetic  sugar  seems  to  be  identical  \ 
Next  to  this  comes  milk-sugar.  Inosit  is  another  body  of  this  class, 
although  it  differs  in  many .  important  points  from  the  preceding  two. 

»  Verhand.  Naturhut.  Med.  Ver,  Heidelberg.  Bd.  i.  Heft  6. 

s  Med.  Chem.  UnUnueh.  Hoppe-S^ler,  Heft  4, 1872,  pp.  Ul  and  502« 

*  liiesoher,  Op.  eit. 

*  The  question,  however,  whether  seyeral  yarieties  of  sugar  ooonrring  In  the  animal 
body  have  not  been  ooufounded  together  under  the  common  name  of  dextrose  or 
glaoose  may  be  oonsidered  at  present  an  open  one. 
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Glycogen  belongs  properly  to  the  sub-class  of  carbohydrates  known  as 
starches. 

These  bodies  are  often  considered  to  be  pol jatomio  alcohols.  Seyeral  of  them  stand 
in  peculiar  relation  to  mannit,  and  may  be  converted  into  that  snbatanoe  by  the  action 
of  sodium  amalgam^. 

1.     i)ea;<ro«e  (Grapensugar),     C,  H^,  0,  +  H^O. 

Occurs  in  the  contents  of  the  alimentary  canal  to  a  variable  extent 
dependent  on  the  nature  of  the  food  taken.  It  is  also  a  normal  con- 
stituent of  blood,  chyle,  and  lympL  Concerning  its  presence  in  the  Hver, 
see  p.  333.  The  amniotic  fluids  also  contain  this  body.  Bile  in  the 
normal  condition  is  free  from  sugar,  so  also  is  urine,  though  this  point 
has  given  rise  to  great  dispute '.  The  disease  diabetes  is  characterised  by 
an  excess  of  dextrose  in  the  tissues  and  fluids  of  the  body  (see  p.  337). 

When  pure,  dextrose  is  colourless  and  crystallises  in  four-sided  prisma, 
often  agglomerated  into  warty  lumps.  The  crystals  will  dissolve  in 
their  own  weight  of  cold  water,  requiring  however  some  time  for  the 
process ;  they  are  very  readily  soluble  in  hot  water.  Dextrose  is  soluble 
in  alcohol,  but  insoluble  in  lether. 

The  freshly  prepared  cold  aqueous  solution  of  the  or3rstal8  possesses  a  dextro-rotatocy 
power  of  + 104^  for  yellow  light.  This,  quickly  on  heating,  more  slowly  on  standiog, 
falls  to  +56<^,  at  which  point  it  remains  constant. 

Dextrose  readily  forms  compounds  with  acids  and  bases ;  the  latter  are  veiy 
unstable,  decomposition  rapidly  ensuing  on  heating  them.  When  its  metalUe  com- 
pounds  are  decomposed  the  decomposition  is  in  many  cases  accompanied  by  the 
precipitation  of  the  metals,  e,g,  silver,  gold,  mercury,  bismuth.  Caustic  alkalis  readily 
decompose  it,  as  also  does  anmionia. 

Dextrose  is  readily  and  completely  precipitated  by  lead  acetate  and 
ammonia. 

An  important  property  of  this  body  is  its  power  of  undergoing  fermen- 
tatioiia  Of  these  the  two  principal  are  :  (1)  Alcoholic,  This  is  produced 
in  aqueous  solutions  of  dextrose,  under  the  influence  of  yeast.  The  decom- 
position is  the  following :  C,  H^,  O,  =  2  C,  H^  O  +  2  CO,,  yielding  (ethyl) 
alcohol  and  carbonic  anliydride.  Other  alcohols  of  the  acetic  series  are 
found  in  traces,  as  also  are  glycerine,  succinic  acid  and  probably  many  other 
bodies.  The  fei-mentation  is  most  active  at  about  25**  C.  Below  5*  or  above 
45"  it  almost  entirely  ceases.  If  the  saccharine  solution  contains  more  than 
15  per  cent,  of  sugar  it  will  not  all  be  decomposed,  as  excess  of  alcohol  stop 
the  reaction.  (2)  Lactic,  This  occurs  in  the  presence  of  decomposing  nitro- 
genous matter,  especially  of  casein,  and  is  probably  the  result  of  the  action 
of   a  specific  ferment.     The  first  stage   is    the  production  of  lactic  acid, 

^  Linnemann,  Ann.  d.  Chem,  u.  Pharm,  Bd.  123,  p.  136, 
«  See  Seegen,  Der  Didbete$  Mellitus,  2  Ed.  p.  196, 
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C^  Hj,  0^«2  C3  H^  O,.  In  the  second  butyric  acid  is  formed  with  evolution 
of  hydrogen  and  carbonic  anhydride:  2C3H^O,  =  C4HgO,  +  2CO,+ 2H^ 
The  above  changes,  the  first  of  which  is  probably  undergone  by  sugar  to  a 
considerable  extent  in  the  intestine,  are  most  active  at  35^;  the  presence  of 
alkaline  carbonates  is  also  favourable.  It  is  moreover  essential  that  the 
lactic  acid  should  be  neutralised  as  fast  as  it  is  formed,  otherwise  the  pre- 
sence of  the  free  acid  stops  the  process. 

The  detection  and  estimation  of  dextrose  are  so  fully  given  in  various 
books  that  they  need  not  be  detailed  here. 

2.     Milk-mgar.     C,,  H,,  0„  +  H,  O. 

Also  known  as  lactaae.  It  is  found  in  milk,  and  is  the  only  sugar  which 
enters  into  the  composition  of  this  secretion. 

It  yields,  when  pure,  hard  colourless  crystals,  belonging  to  the  rhombic 
system  (four  or  eight-sided  prisms).  It  is  less  soluble  in  water  than 
dextrose,  requiring  for  solution  six  times  its  weight  of  cold,  but  only  two 
parts  of  boiling,  water;  it  is  entirely  insoluble  in  alcohol  and  aether.  It  is 
fully  precipitated  from  its  solutions  by  the  addition  of  lead  acetate  and 
ammonia. 

When  freshly  diBSolved,  its  aqaeons  solution  possesses  a  specific  dextro-rotatory 
power  of  +93*1<^  for  yellow  light :  this  diminishes,  slowly  on  standing,  rapidly  on  boil- 
ing, until  it  finally  remains  constant  at  +  59*3<>.  The  amount  of  rotation  is  inde- 
pendent of  the  concentration  of  the  solution. 

Lactose  unites  readily  with  bases,  forming  unstable  compounds;  from  its  metallic 
eompounds  the  metal  is  precipitated  in  the  reduced  state  on  boiling ;  it  reduces  copper 
salts  as  readily  as  dextrose. 

Lactose  is  generally  stated  to  admit  of  no  direct  alcoholic  fermentation; 
this  may  however  sometimes  be  induced  by  a  lengthy  action  of  yeast.  By 
boiling  with  dilute  mineral  acids  lactose  is  converted  into  galactose,  which 
teadily  undergoes  alcoholic  fermentation. 

Galactose  is  vezy  readily  soluble  in  water,  though  insoluble  in  alcohol.  It 
possesses  a  higher  rotatory  power  than  lactose,  yiz.  +83'2<';  in  a  freshly  prepared 
solution  the  rotation  is  + 189 '60.  It  may  be  remarked  here  that  though  UolaUd  lactose 
is  incapable  of  direct  alcoholic  fermentation,  milk  itself  may  be  fermented ;  Berthelot 
was  unable  in  this  direct  alcoholic  fermentation  to  detect  any  intermediate  change  of 
the  lactose  into  another  fermentable  sugar. 

Lactose  is  however  diredly  capable  of  undergoing  the  lactic  fermenta- 
tion; the  circumstances  and  products  are  the  same  as  in  the  case  of  dex- 
trose (see  above).  The  action  is  generally  productive  of  a  collateral  small 
quantity  of  alcohol. 

The  tests  for  the  presence  of  this  body  are  the  same  as  for  dextrose,  with 
the  exception  of  the  alcoholic  fermentation. 
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Prepa/ration — ^After  the  removal  of  the  casein  and  other  proteids  of  tiie 
TnillTj  the  mother  liquor  is  evaporated  to  the  crystallising  point;  the  crystals 
are  purified  by  repeated  crystallisation  from  warm  water. 

3.  Inosit.     Ce  Hu  Oe  +  2H,0. 

This  substance  occurs  but  sparingly  in  the  human  body;  it  was  found 
originally  by  Scherer'  in  the  muscles  of  the  heart'  Cloetta  shewed  its 
presence  in  the  lungs,  kidneys,  spleen  and  liver',  and  Milller  in  the  brain*. 
It  occurs  also  in  diabetic  urine,  and  in  that  of  'Bright's  disease,'  and 
is  found  in  abundance  in  the  vegetable  kingdom. 

Pure  inosit  forms  large  efflorescent  crystals  (rhombic  tables) ;  in  micro- 
scopic preparations  it  is  usually  obtained  in  tufted  lumps  of  fine  crystals. 
Easily  soluble  in  water,  it  is  insoluble  in  alcohol  and  sether.  It  possesses 
no  action  on  polarised  light,  and  does  not  reduce  solutions  of  metallic  salts. 

It  admits  of  no  direct  alcoholic,  but  is  capable  of  undergoing  the 
lactic  fermentation;  according  to  Hilger^  the  acid  formed  is  sarcolactic 
It  is  unaltered  by  heating  with  dilute  mineral  acids. 

Preparation.  It  may  be  precipitated  from  its  solutions  by  the  actioii 
of  basic  lead  acetate  and  anunonia. 

As  a  special  test  may  be  mentioned  the  production  of  a  bright  violet 
colour  by  carefxil  evaporation  to  diyness  on  platinum  foil,  witii  a  httk 
ammonia  and  calciimi  chloride. 

4.  Glycogen.     C^  H^^,  O^. 

Belongs  to  the  starch  division  of  carbohydrates.  Discovered  by  Bemaid 
in  the  liver  and  other  organs  (see  p.  330). 

Glycogen  is,  when  pure,  an  amorphous  powder,  colourless  and  tasteless, 
readily  soluble  in  water,  insoluble  in  alcohol  and  aether.  Its  aqueous  sdn- 
tion  is  generally  though  not  always  strongly  opalescent^  but  contains  no 
particles  visible  microscopically ;  the  opalescence  is  much  reduced  by  the 
presence  of  free  alkalis.  The  same  solution  possesses,  according  to  Hoppe- 
Seyler,  a  very  strong  dextro-rotatory  power ;  it  dissolves  hydrated  cupric 
oxide ;   but  this  is  not  reduced  on  boiling. 

By  the  action  of  dilute  mineral  acids  (except  nitric)  it  is  converted 
into  dextrose,  and  the  same  conversion  is  also  readily  efiected  by  the 
action  of  amylolytic  ferments.  It  is  not  affected  by  boiling  with  mod€^ 
ately  strong  caustic  alkalis,  but  is  however  decomposed  by  nitric  add. 
Normal  lead  acetate  gives  a  cloudiness,  the  basic  salt  a  precipitate,  in  its 
solutions. 

^  Ann,  d.  Chem.  w.  Pharm,  Bd.  78,  p.  822. 
«  Ibid,  BcL  99.  p.  289. 
»  Ihid.  Bd.  103,  p.  140. 
*  Ibid,  Bd.  160,  p.  333. 
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As  tests  for  this  bodj  may  be  used  the  formation  of  a  port-wine  colour 
with  iodine;  this  disappears  on  warming  and  returns  on  cooling.  (The 
same  colour  is  produced  by  dextrin,  but  this  does  not  reappear  on  cooling 
after  its  disappearance  on  warming.)  The  above  readily  distinguishes  it 
from  starch* 

Preparation  of  Glycogen.  The  following  is  Brflcke's*  method.  The 
filtered  or  simply  strained  decoction  of  liver  or  other  glycogenic  tissue  is, 
when  cold,  treated  alternately  with  dilute  hydrochloric  acid,  and  a  solution 
of  the  double  iodide  of  potassium  and  mercury',  as  long  as  iEuiy  precipitate 
occurs.  In  the  presence  of  free  hydrochloric  acid,  the  double  iodide  preci- 
pitates proteid  matters  so  completely  as  to  render  their  separation  by 
filtration  easy.  The  proteids  being  thus  got  rid  of,  the  glycogen  is  precipi- 
tated from  the  filtrate  by  adding  alcohol  to  the  extent  of  between  60  and 
70  p.  c.  Too  much  alcohol  is  to  be  avoided,  since  other  substances  as  well 
are  thereby  precipitated.  The  glycogen  is  now  washed  with  alcohol  first  of 
60  and  then  of  95  per  cent.,  afterwards  with  aether,  and  finally  with 
absolute  alcohol     It  is  then  dried  over  sulphiuic  acid. 

Dextrin.     C^  H,^  O5. 

By  boiling  starch-paste  with  dilute  acids,  or  by  the  action  of  ferments, 
the  starch  is  converted  into  an  isomeric  body,  to  which,  from  its  action  on 
polarised  light,  the  name  dextrin  has  been  given.  It  is  soluble  in  water, 
but  is  precipitated  by  alcohoL  It  does  not  undergo  alcoholic-  fermentation 
until  after  it  has  been  changed  into  dextrose,  nor  can  it  reduce  metallic 
salts.  It  yields  a  reddish  colour  with  iodine,  closely  resembling  that 
produced  by  glycogen,  but  unlike  this,  the  colour  formed  when  dextrin 
is  present  does  not  return  on  cooling  after  its  disappearance  on  warming. 
Farther  action  of  acids  or  of  ferments  converts  dextrin  into  dextrose. 
Dextrin  is  present  in  the  contents  of  the  alimentary  canal  after  a  meal 
containing  starch,  and  has  also  been  found  in  the  blood.  Concerning 
achroodextrin  and  the  other  varieties  of  dextrin  see  p.  185. 

FATS,  THEIR  DERIVATIVES  AND  ALLIES. 

The  Acetic  Acid  Series. 

(General  formula  C^  H,.  O,  (monobasic). 

This,  which  is  one  of  the  most  complete  homologous  series  of  organic 
chemistry,  runs  parallel  to  the  series  of  monatomic  alcohols.     Thus  formio 

^  Sitzungsher.  d,  Wiener  Akad.  Bd.  63.  (1871)  xx. 

*  This  may  be  prepared  by  precipitating  potassinm  iodide  with  meronric  ehloride, 
and  dissolving  the  washed  precipitate  in  a  hot  solution  of  potassium  iodide  as  long 
as  it  continues  to  be  taken  up.  On  cooling,  some  amount  of  precipitate  occurs,  which 
most  be  filtered  off ;  the  filtrate  is  then  ready  for  use. 
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acid  corresponds  to  methyl  alcohol,  acetic  acid  to  ethyl  (ordinaiy)  alcohol, 
and  so  on.  The  several  acids  may  be  regarded  as  being  deriyed  from  their 
respective  alcohols  by  simple  oxidation :  thus  ethyl  alc<^ol  yields  by  oxida- 
tion  acetic  acid  : — C,  H^  O  +  O,  =  C,  H^  O,  +  H,  O.  The  various  members 
differ  in  composition  by  CEE^  and  the  boiling  points  rise  suooessively  by 
about  19°C.  Similar  relations  hold  good  with  r^;ard  to  their  melting 
points  and  specific  gravities.  The  acid  properties  are  strongest  in  those 
where  n  has  the  least  value.  The  lowest  members  of  the  series  are  volatile 
liquids,  acting  as  powerful  acids;  these  successively  become  less  and  len 
fluid,  and  the  highest  members  are  colourless  solids,  closely  resembling  the 
neutral  fats  in  outward  appearance.  Consecutive  acids  of  the  series  present 
but  very  small  differences  of  chemical  and  physical  properties,  hence  the 
difficulty  of  separating  them :  thiB  is  further  increased  in  the  animal  body 
by  the  fact  that  exactly  those  acids  which  present  the  greatest  similarities 
usually  occur  together. 

The  free  acids  are  found  only  in  small  and  very  variable  quantities 
in  various  parts  of  the  body;  their  derivatives  on  the  other  hand  form 
most  important  constituents  of  the  human  frame,  and  will  be  oonsidaped 
further  on. 

Formic  acid.     CHO .  OH. 

When  pure  is  a  strongly  corrosive,  fuming  fluid,  with  powerful  irri- 
tating odour,  solidifying  at  0°C,  boiling  at  100°  C,  and  capable  of  being 
mixed  in  all  proportions  with  water  and  alcohol.  It  has  been  foand 
in  various  parts  of  the  body,  such  as  the  spleen,  thymus,  pancreas,  muscles, 
brain,  and  blood;  from  the  latter  it  may  be  obtained  by  the  action  of  adds 
on  the  hsemoglobin.     According  to  some  authors*  it  occurs  also  in  urina 

Heated  with  sulphuric  acid  it  yields  carbonic  oxide  and  water;  with 
caustic  iK)tash  it  gives  hydrogen  and  oxalic  acid. 

Acetic  acid,     C,  H,  O  .  OH. 

Is  distinguished  by  its  characteristic  odour;  its  boiling  point  is 
117°C.;  it  solidifies  at  5°  and  is  fluid  at  all  temperatures  above  15*C. 
It  is  soluble  in  all  proportions  in  alcohol  and  water. 

It  occui-s  in  the  stomach .  as  the  result  of  fermentative  changes  in  the 
food,  and  is  frequently  present  in  diabetic  urine.  In  other  organs  and 
fluids  it  exists  only  in  minute  traces. 

With  ferric  chloride  it  yields  a  blood-red  solution,  decolorised  by  hydrochloric  acid. 
(It  differs  in  this  last  reaction  from  sulphocyanide  of  iron.)  Heated  with  alcohol  aq«1 
Rulphurio  acidf  the  characteristic  odour  of  acetic  aether  is  ohtained.  It  does  not 
reduce  silver  nitrate. 

1  Bulipinsky,  Hoppe- Sevier's  Mfd.  Chem,  Mittlieilung,  Heft  2,  p.  240.  Thudichmn, 
JourJi.  of  the  Chem.  Soc,  Vol.  8,  p.  400. 
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Fropionie  acid.     C,  H^  O  .  OH. 

This  acid  closely  resembles  the  preceding  one.  It  possesses  a  very  sour 
taste  and  pungent  odour ;  is  soluble  in  water,  boils  at  141^  C,  and  may  be 
separated  from  its  aqueous  solution  by  excess  of  calcium  chloride. 

It  occurs  in  small  quantities  in  sweat,  in  the  contents  of  the  stomach, 
and  in  diabetic  urine  when  undergoing  fermentation.  It  is  similarly  pro- 
duced, mixed  however  with  other  products,  during  alcohoUc  fermentation, 
or  by  the  decomposition  of  glycerina  It  partially  reduces  silver  nitrate 
solutions  on  boiling. 

Butf/ric  acid.     C4  H,  O  .  OH. 

An  oily  colourless  liquid,  with  an  odour  of  rancid  butter,  soluble  in 
water,  alcohol,  and  sether,  boiling  at  162^0.  Calcium  chloride  separates 
it  from  its  aqueous  solution. 

Found  in  sweat,  the  contents  of  the  large  intestine,  fseces,  and  in  urine. 
It  occurs  in  traces  in  many  other  fluids,  and  is  plentifully  obtained  when 
diabetic  urine  is  mixed  with  powdered  chalk  and  kept  at  a  temperature 
of  35®  C.     It  exists,  as  a  neutral  fat,  in  small  quantities  in  milk. 

This  is  the  principal  product  of  the  second  stage  of  lactic  fermentation. 
(See  dextrose.) 

Valerianic  acid,     C5  H^  O  .  OH. 

An  oily  liquid,  of  penetrating  odour  and  burning  taste;  soluble  in 
30  parts  of  water  at  12®  C,  readily  soluble  in  alcohol  and  sether.  Boils 
at  175®  C.  Possesses,  in  the  free  and  combined  form,  a  feeble  right-handed 
rotation  of  the  plane  of  polarisation. 

It  is  found  in  the  solid  excrements,  and  is  formed  readily  by  the  de- 
composition, through  putrefaction,  of  impure  leucin,  anmionia  being  at  the 
same  time  evolved;  hence  its  occurrence  in  urine  when  that  fluid  contains 
leucin,  as  in  cases  of  acute  atrophy  of  the  liver. 

Caproic  acid.  C^  Hu  O  .  OH, 
Caprylic  „  Cg  Hj,  O  .  OH. 
Capric     „         Cjo  H^  O  .  OH. 

These  throe  occur  together  (as  fats)  in  butter,  and  are  contained  in 
varying  proportions  in  the  fseces  from  a  meat  diet.  The  first  is  an  oily  fluid, 
slightly  soluble  in  water,  the  others  are  solids  and  scarcely  soluble  in 
water;  they  are  soluble  in  all  proportions  in  alcohol  and  tether.  They 
may  be  prepared  from  butter,  and  separated  by  the  varying  solubilities  of 
their  barium  salts. 

LaurosUaric  acid.     Ci,  H^  O  .  OH. 
Myri8tie         „        C^  H^  O  .  OH. 
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These  occur  as  neutral  fats  in  spermacetii  in  butter  and  oiher  fats. 
They  present  no  points  of  interest. 

Palmitic  add.     C^^  H^j  O  .  OH. 
Stearic      „         C,8  H„  O  .  OH. 

These  are  solid,  colourless  when  pure,  tasteless,  odourless,  crystalline 
bodies,  the  former  melting  at  62®  C,  the  latter  at  69 '2^0.  In  water  they 
are  quite  insoluble;  palmitic  acid  is  more  readily  soluble  in  cold  alcohol 
than  stearic;  both  are  readily  dissolved  by  hot  alcohol,  eether,  or  chloro- 
form. Glacial  acetic  acid  dissolves  them  in  large  quantity,  the  solution 
being  assisted  by  warming.  They  readily  form  soaps  with  the  alkalis, 
also  with  many  other  metfils.  The  varying  solubilities  of  their  barium 
salts  afford  the  means  of  sepai^ting  them  when  mixed '  :  this  may  also 
be  appKed  to  many  others  of  the  higher  members  of  this  series. 

These  acids  in  combination  with  glycerine  (see  below)  together  with 
the  analogous  compound  of  oleic  acid,  form  the  principal  constituents  of 
human  fat.  As  salts  of  calcium  they  occur  in  the  fseces  and  in  *  adipocere,' 
and  probably  in  chyle,  blood  and  serous  fluids,  as  salts  o£  sodium.  Thej 
are  found  in  the  free  state  in  decomposing  pus,  and  in  the  caseous  depodti 
of  tuberculosis. 

The  existence  of  margaric  acid,  intermediate  to  the  above  two,  is  not  now  admitted, 
fiince  Hointz'  has  shewn  that  it  is  really  a  mixture  of  palmitie  and  stearic  add. 
Margaric  acid  posBCSses  the  anomalous  molting  point  of  59*9^  C.  A  mi^tore  of  60  ptrti 
stearic  and  40  of  palmitio  acids,  nielts  at  60-3^. 

Acids  of  the  Oleic  (Acrylic)  Series.    H  (C,^  Hj,^.,)  O,  (monobasic). 

Many  acids  of  this  series  occur  as  glycerine  compounds  in  various  fixed 
fats.  They  are  very  unstable,  and  readily  absorb  oxygen  when  exposed  to 
the  air.  The  higher  members  are  decomposed  on  attempting  to  distU  them. 
Their  most  peculiar  property  is  that  of  being  converted  by  traces  of  NO, 
into  solid,  stable  metameric  acids,  capable  of  being  distilled.  They  bear  od 
interesting  relation  to  the  acids  of  the  acetic  series,  breaking  up  when 
heated  with  caustic  potash  into  acetic  acid  and  some  other  member  of  the 
same  series: — ^thus, 

Oleic  acid.  Potassium  acetate.         Potswsium  palmitate. 

Oleic  acid.     C,8  IT3, 0 .  OH. 

This  is  the  only  acid  of  the  series  which  is  physiologically  iniportaEt 
It  is  found  united  with  glycerine  in  all  the  fats  of  the  human  body.    Ifl 

^  Heintz,  Annal,  d,  Phys,  w.  Chem.  Bd.  92,  p.  583. 
«  Op.  cit. 
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ihe  small  intestine  and  chyle  it  exists  also  either  as  a  salt  of  potassium,  or 
sodium,  or,  it  maj  be,  in  the  free  state. 

When  pure  it  is,  at  ordinary  temperatures,  a  colourless,  odourless,  taste- 
less, oily  liquid,  solidifying  at  4^0-  to  a  crystalline  mass.  Insoluble  in 
water,  it  is  soluble  in  alcohol  and  tether.  It  cannot  be  distilled  without 
decomposition.  It  readily  forms  with  potassium  and  sodium  soaps,  which  are 
soluble  in  water:  its  oompounds  with  most  other  bases  are  insolubla  It 
may  be  distinguished  from  the  acids  of  the  acetic  series  by  its  reaction 
with  NO,  and  by  the  changes  it  undergoes  when  ex})06ed  to  the  air. 

The  NEyTRAL  Fats. 

These  may  be  considered  as  sethers  formed  by  replacing  the  exchangeable 
atoms  of  hydrogen  in  the  triatomic  alcohol  glycerine  (see  below),  by  the  acid 
radicals  of  the  acetic  and  oleic  series.  Since  there  are  three  such  exchange- 
able atoms  of  hydrogen  in  glycerine,  it  is  possible  to  form  three  classes  of 
these  sethers;  only  those,  however,  which  belong  to  the  third  class  occur  as 
natural  constituents  of  the  human  body :  those  of  the  first  and  second  are 
only  of  theoretical  importance. 

They  possess  certain  general  characteristics.  Insoluble  in  water  and 
cold  alcohol,  they  are  readily  soluble  in  hot  alcohol,  aether,  chloroform,  &c ; 
they  also  dissolve  one  another.  They  are  neutral  bodies,  colourless  and 
tasteless  when  pure;  are  not  capable  of  being  distilled  without  undergoing 
decomposition,  and  as  a  result  of  this  decomposition,  yield  solid  and  liquid 
hydrocarbons,  water,  fatty  acids,  and  a  peculiar  body,  acrolein.  (Glycerine 
contains  the  elements  of  one  molecule  of  acrolein,  and  two  molecules  of 
water.) 

They  possess  no  action  on  polarised  light. 

They  may  readily  be  decomposed  into  glycerine  and  their  respective 
fatty  acids  by  the  action  of  caustic  al kalis,  or  of  superheated  steam. 


i>a^m£.-„  (Tri-palndtin).     ^^^^^Jo.. 


The  following  reaction  for  the  formation  of  this  fat  is  typical  for  all  the 
others : 

Glycerine.         Palmitic  acid.       Pahnitin. 

^'iH.)  ^      o  CmH„0)  ^         C,H,    \  ^      „  H 
H. 


[, /"»  +  ^      H     /  "  -  (0„H«0) J  ^»  +  ^  HJ  "• 


Palmitin  is  slightly  soluble  in  cold  alcohol,  readily  so  in  hot  alcohol,  or 
in  sther;  when  pure  it  oystallises  in  fine  needles;  if  mixed  with  stearin,  it 
generaUy  forms  shapeless  lumps,  which  when  occurring  crystallised  were 
formerly  regarded  as  a  distinct  body,  namely  margarin.  It  possesses  three 
different  melting  points,  according  to  the  previous  temperatures  to  which  it 
^   has  been  subjected.     It  solidifies  in  all  cases  at  45*  C. 

i 

/ 
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Freparation.    From  palm  oil,  by  removing  the  free  palmitic  add  with 
alcohol,  and  crystallising  repeatedly  from  sether. 


0,BL    ) 
Stearin  (Tri-stearin).     /p  TTr\\  \  O^ 


This  is  the  hardest  and  least  fusible  of  the  ordinary  fats  of  the  body; 
is  also  the  least  soluble,  and  hence  is  the  first  to  crystallise  out  from 
solutions  of  the  mixed  fats.  It  crystallises  usually  in.  square  tables.  It 
presents  peculiarities  in  its  fusing  points  similar  to  those  of  palmitin. 

Preparation.  From  mutton  suet,  its  separation  from  palmitin  and  olein 
being  effected  by  repeated  crystallisation  fix)m  sether,  stearin  being  the  least 
soluble. 


Olein  (Triolein).    ^^'^^H  O, 


Is  obtained  with  difficulty  in  the  pure  state,  and  is  then  fluid  at  ordinary 
temperatures.  It  is  more  soluble  than  the  two  preceding  ones.  It  readily 
undergoes  oxidation  when  exposed  to  the  air,  and  is  converted  by  mere 
traces  of  NOj  into  a  solid  isomeric  fat,  Olein  yields,  on  dry  distillation,  a 
characteristic  acid,  the  sebacic,  and  is  saponified  with  much  greater  diffi- 
culty than  are  palmitin  and  stearin. 

Freparation.  From  olive  oil,  either  by  cooling  to  0''  and  pressing  oat 
the  olein  that  remains  fluid;  or  by  dissolving  in  alcohol  and  cooling,  when 
the  olein  remains  in  solution  while  the  other  fats  crystallize  out. 


Glycerine.       \x{^i 


This  principal  constituent  of  the  neutral  fats  may,  as  above  stated,  be 
looked  upon  as  a  triatomic  alcohol. 

When  pure,  glycerine  is  a  viscid,  colourless  liquid,  of  a  well-known 
sweet  taste.  It  is  soluble  in  water  and  alcohol  in  all  proportions,  insoluble 
in  8Bther.  Exposed  to  very  low  temperatures  it  becomes  almost  solid; 
it  may  be  distilled  in  closed  vessels  without  decomposition,  between 
275"— 280*^  C. 

It  dissolves  the  alkalis  and  alkaline  earths,  also  many  oxides,  such 
as  those  of  lead  and  copper;  many  of  the  fatty  acids  are  also  soluble  in 
glycerine. 

It  possesses  no  rotatory  power  on  polarized  light. 

It  is  easily  recognised  by  its  ready  solubility  in  water  and  alcohol, 
its  insolubility  in  8Bther,  its  sweet  taste,  and  its  reaction  with  bases.  The 
production  of  acrolein  is  also  characteristic  of  glycerine. 

CsHA  -  2HaO  =  C,H,0  (Acrolein). 
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Preparation.     By  saponification  of  the  ruioua  ofls  and  fata.     It  is  also 
foimed  in  small  qaantitlee  during  the  alct^oUo  fenneutation  of  sugar', 

AC1D8  OF   TBI  OltCOLIC  SERIES. 

Bunuing  parallel  to  the  monatomic  alcohda  {C,H,„,0)  is  the  seriea 
of  diatomic  alcohols  or  glycoU  (C.H^^O,).  Thus  corresponding  to  ethyl 
alcohol  is  the  diatomic  alcoh<d,  ethyl-gtycol.  As  from  the  monatomic  alco- 
hols, BO  from  the  glycols,  adds  may  be  derived  by  oxidation;  from  the  latter 
(glycols)  however  tiro  aeries  of  acids  can  be  obtained,  known  respectively 
as  the  glycolic  and  the  oxalic  series.  The  first  stage  of  oxidation  of  the 
glycol  gives  a  member  of  the  glycolic  series,  thus : 
Ethyl-glTOol.  Oljoolia  acid. 

C,H,0,  +    0,  =  C,H.O,  +  H,0,  or  more  generally 
C.  H,„a  0,  +  O,  =  C,  H^  0,  +  H,  0. 

By  further  oxidation  a  member  of  the  glycolic  series  can  be  converted 
Into  a  member  of  the  oxalic  series,  thus  ; 
Oljcolio  acid.  Oialio  seid. 

C,  H,  O,  +  0,  =  C,  H,  O,  +  H,  O,  or  more  generally 
C.  H,  O,  +  0,= C.  H,^0,  +  H,0. 
The  acids  of  the  glycolic  series  are  diatomic  but  monobasic;  those  of  the 
oxalic  series  are  diatomic  and  dibasic 

The  following  table  may  be  given  to  shew  the  general  relationships  of 
alcohols  and  acids : 


:tadicat. 

AUoM. 

Acid. 

^FoSnior 
HCHO, 
Acetic. 

ec,H.o, 

i& 

HC,H,0, 

Glyrolt. 

Acid  I. 

Acid  II. 

MetlijI  (CH^ 
Elbjl  (0,H,) 
Pn,prl(C.H,) 
B.t,l  (C.H,) 

CH,(OH) 
C,H,(OH) 
C,H,(OH) 
0,H,(OH) 

Etbyl'-glycol 
Propylslycal 

C,H,(OH), 

Cftrboiuo. 

oVco'lic. 
HC,H,0, 

Lflolio. 

Osyhnlyne. 

Ox^io. 

H,C^O, 
Suooinic. 
EfitHfi, 

Gltcolic  Acu>  Series. 
Lactic  acid.     C,H,Or 

Next  to  carbonic  acid,  the  most  important  member  of  this  series,  as  far 
OB  physiology  is  concerned,  is  lactic  acid. 

I^ictic  acid  exists  in  four  isomerio  modifications,  but  of  these  only  three 
have  been  found  in  the  human  body.     These  three  all  fona  oirupy,  colour- 
>  Puteor,  Aim.  i  Chtm.  h.  Pham.  Bd.  106,  p^  SU. 
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less  fluids,  soluble  in  all  proportions  in  water,  alcohol  and  ether.  TIkt 
possess  an  intensely  sour  taste,  and  a  strong  acid  reaction.  When  heated 
in  solution  they  are  partially  distilled  over  in  the  escaping  vapoiu-.  They 
form  salts  with  metals,  of  which  those  with  the  alkalis  are  very  soluble  and 
crystallise  with  dificxdty.  The  calcium  and  zLno  salts  are  of  the  greatest 
importance,  as  will  be  seen  latei^  on, 

1.  Ethylidene-laciic  acid.  This  is  the  ordinary  form  of  the  acid,  ol>- 
tained  as  the  characteristic  product  of  the  well-known  ^lactic  fermenta- 
tion'. It  occurs  in  the  contents  of  the  stomach  and  intestines.  According 
to  Heintz^  it  is  found  also  in  muscles,  and  according  to  Gtscheidlen' in 
the  ganglionic  cells  of  the  grey  substance  of  the  bl'ain.  In  many  diseases 
it  is  foimd  in  urine,  and  exists  to  a  large  amount  in  this  excretion  after 
poisoning  by  phosphorous  "* 

It  may  be  prepared  by  the  general  methods  bi  slowly  oxidising  the  corresponding 
glycol  or  by  acting  on  the  monochlorinated  propionic  add  with  moist  ailver  oxide. 
In  obtaining  it  from  the  products  of  lactic  fermentation,  the  cmsts  of  sine  laettt« 
are  pnrified  by  several  crystailisations,  and  the  add  liberated  from  the  compoond  hj 
the  action  of  sulphnretted  hydrogen. 

2.  Ethylene-lactic  acid.  This  add  is  found  accompanying  the  one  next 
to  be  described,  in  the  watery  extract  of  muscles.  From  this  it  is  separated 
by  taking  advantage  of  the  different  solubilities  of  the  zinc  salts  of  the 
two  acids  in  alcohoL  It  seems  probable,  however,  that  it  has  not  jet 
been  prepared  in  the  pure  state  by  this  method. 

Wislicenns  first  obtained  this  add  by  heating  hydroxycyanide  of  ethylene  with 
aqneous  solutions  of  the  alkalis^. 

The  same  observer  found  it  also  in  many  pathological  fluids. 

3.  Sarcolactic  acid.  This  acid  has  not  yet  been  procured  synthetically. 
As  its  name  implies,  it  is  that  form  of  the  acid  which  occurs  in  muscles, 
and  hence  exists  in  large  quantities  in  Liebig's  'extract  of  meat*.  It  is 
often  found  also  in  pathological  fluids.  This  is  the  only  acid  of  this  series 
which  possesses  any  power  of  rotating  the  plane  of  polarised  light;  it  is 
otherwise  indistinguishable  from  the  preceding  ethylidene- lactic  acid,  and  is 
generally  represented  by  the  same  formula.  The  free  acid  has  dextro-,  the 
anhydride  laivo-rotatory  action.  The  specific  rotation  for  the  zinc  salt  in 
solution  is  —  7  "65"  for  yellow  light. 

The  zinc  and  calcium  salts  of  sarcolactic  acid  are  more  soluble  both  in 
water  and  alcohol,  than  those  of  ethylidene-lactic  acid,  but  less  so  than 

^  Ann.  d,  Chem.  u.  Pharm,  Bd.  157,  p.  820. 

'  Pfliiger's  Archii\  viii.  171. 

3  Scliultzen  and  Kiess,  Ueber  acute  Phostphorvergi flung. 

*  Ann.  d.  Chcm.  u.  Pharm,  Bd.  128,  p.  6. 
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those  of  ethjlene-lactic  acid;  and  the  same  salts  of  ethylene-lactic  acid 
contain  more  water  of  crystallisation  than  those  of  the  other  two. 

Hemtz^  has  compared  the  above  acids  to  the  modifications  capable  of  existing  in 
tartaric  acid'. 

Hydraciylic  acid,  the  fourth  in  this  series  of  lactic  acids,  i&  distinguished  by  the 
nature  of  its  decomposition  on  heating.  It  is  never  found  as  a  constituent  of  animal 
bodies. 

Oxalic  Acid  Series. 
Oxdlie  acid.     H,  C,  O^. 

In  the  free  state  this  acid  does  not  occur  in  the  human  body.  Calcium 
oxalate,  however,  is  a  not  unfrequent  constituent  of  urine,  and  enters  into 
the  composition  of  many  urinary  calculi,  the  so-called  mulberry  calculus 
consisting  almost  entirely  of  it.  It  may  also  occUr  in  faeces,  and  in  the 
gall  bladder,  though  this  is  rarely  observed. 

As  ordinarily  precipitated  from  solutions  of  calcium  salts  by  ammonium 
oxalate,  calcium  oxalate  is  quite  amorphous,  but  in  urinary  deposits  it 
assumes  a  strongly  characteristic  crystalline  form,  viz.  that  of  rectangular 
octohedra.  In  some  cases  it  presents  the  anomalous  forms  of  rounded 
lumps,  dumb-bells,  or  square  colimins  with  pyramidal  ends.  It  is  insoluble  in 
water,  alcohol  and  sether,  also  in  ammonia  and  acetic  acid.  Mineral  acids 
dissolve  this  salt  readily^  as  also  to  a  smaller  extent  do  solutions  of 
sodium  phosphate  or  urate.  All  the  above  characteristics  serve  to  detect 
this  salt;  its  microscopical  appearance,  however,  is  generally  of  most  use 
for  this  purpose. 

The  pure  acid  is  prepared  either  by  oxidising  sugar  with  nitrio  acid, 
or  decomposing  ligneous  tissue  with  caustic  alkalis. 

Succinic  add,     H,  C4  H4  O4. 

This  is  the  third  acid  of  the  oxalic  series,  being  separated  from  oxalic 
acid  by  the  intermediate  malonic  acid,  H,  Cj  H,  O4.  It  occurs  in  the 
spleen,  the  thymus,  and  thyroid  bodies,  hydrocephalic  and  hydrocele  fluids. 

According  to  Meissner  and  Shepard',  it  is  found  as  a  normal  constituent  of  urine. 
This  is  contested  by  Salkowski^,  and  also  by  von  Speyer.  It  seems  probable  how- 
ever, that  since  wines  and  fermented  liquors  contain  succinic  acid,  and  this  latter 
passes  unchanged  into  the  urine,  that  it  may  thus  be  occasionally  present  in  this 
excretion. 

Succinic  acid  crystallises  in  large  rhombic  tables^  also  at  times  in  the 
form  of  large  prisms:  they  are  soluble  in  5  parts  of  cold  water,  and  2 '2 

»  Op.  eft. 

s  See  farther,  Wlslicenus,  Op^  eit.  Also  Ann,  d,  Chem\  u.  Pharm^  Bd.  166,  p.  8.  Bd. 
167,  p.  802,  and  Zeitschr,  /.  Cftem.  xiii.  8. 169. 

'  UnUrtuch.  iiber  d.  EnUteh.  d,  HippurtHure,    Hannover,  1866t 
«  Archiv  d,  Phys.  Bd.  2,  p.  867,  and  Bd.  4,  p.  95, 
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of  boiling,  slightlj  soluble  in  alcoholy  and  almost  insoluble  in  sether.  The 
crystals  melt  at  180°  C,  and  boil  at  235°  C,  being  at  the  same  time  decom- 
posed into  the  anhydride  and  water.  The  alkali  salts  of  this  acid  are 
soluble  in  water,  insoluble  in  alcohol  and  sether. 

Preparation,  Apart  from  the  synthetic  methods,  it  may  readily  be 
obtained  by  the  fermentation  of  calcium  malate,  acetic  acid  being  produced 
simultaneously. 

Its  presence  is  recognised  by  the  microscopic  examination  of  its  crystals, 
and  its  characteristic  reaction  with  normal  lead  acetate.  With  this  it 
gives  a  precipitate,  easily  soluble  in  excess  of  the  precipitant,  but  coming 
down  again  on  warming  and  shaking*. 

Cholesterin.     (C«  H41  O.) 

This  is  the  only  alcohol  which  occurs  in  the  human  body  in  the 
free  state.  (The  triatomic  alcohol  glycerine  is  almost  always  found  com- 
bined as  in  the  fats;  and  cetyl-alcohol,  or  sethal,  is  obtained  only  from 
spermaceti.)  It  is  a  white  crystalline  body,  crystallising  in  fine  needles 
from  its  solution  in  sether,  chloroform  or  benzol;  from  its  hot  alcobolio 
solutions  it  is  deposited  on  cooling  in  rhombic  tables.  When  dried  it 
melts  at  145°,  and  distils  in  closed  vessels  at  360°.  It  is  quite  insoluble 
in  water  and  cold  alcohol;  soluble  in  solutions  of  bile  salts. 

Solutions  of  cholesterin  possess  a  left-handed  rotatory  action  on  polarised 
light,  of  —  32°  for  yellow  light,  this  being  independent  of  concentration  and 
of  the  nature  of  the  solvent. 

Heated  with  strong  sulphuric  acid  it  yields  a  hydrocarbon;  with  con- 
centrated nitric  it  gives  cholesteric  acid  and  other  products.  It  is  capable 
of  uniting  with  acids  and  forming  compound  aethers. 

Cholesterin  occurs  in  small  quantities  in  the  blood  and  many  tissues, 
and  is  present  in  abundance  in  the  white  matter  of  the  cerebro-spinal  axis 
and  in  nerves.  It  is  a  constant  constituent  of  bile,  forming  frequently 
nearly  the  whole  mass  of  gall  stones.  It  is  found  in  many  patholoi^cal 
fluids,  hydrocele,  the  fluid  of  ovarial  cysts,  &c. 

Freparation.  From  gall-stones  by  simple  extraction  with  boiling  alcohol, 
and  treatment  with  alcoholic  potash  to  free  from  extraneous  matter. 

As  tests  for  this  substance  may  be  given: — ^With  concentrated  sulphuric 
acid  and  a  little  iodine  a  violet  colour  is  obtained,  changing  through  green 
to  red.  This  is  applicable  to  the  microscopic  crystals.  After  dissolving 
in  sulphuric  acid  a  blood  red  solution  is  formed  on  the  addition  of  chloro- 
form, changing  to  purple  and  finally  becoming  colourless;  the  sulphuric  acid 

1  For  further  particulars  see  Meissner,  Op.  cit,  and  Meissner  and  Solly.  Zeitschr.f. 
rat.  Ji^d.  (3)  Bd.  24,  p.  97.  *vf  ^ 
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under  the  chloroform  has  a  green  fluoreecence.     After  evaporation  to  dry- 
ness with  nitric  acid,  the  residue  turns  red  on  treating  with  ammonia. 

This  body  is  deseribed  here  rather  for  the  sake  of  conyenience  than  from  its 
possessing  any  close  relationship  to  the  snbstanoes  immediately  preceding. 

Complex  Nitbooenous  Fats. 

Lecithin.     G^  H„  NPO,. 

Occurs  widely  spread  throughout  the  body.  Blood,  bile,  and  serous 
fluids  contain  it  in  small  quantities,  while  it  is  a  conspicuous  component  of 
the  brain,  nerves,  yolk  of  egg,  semen,  pus,  white  blood  corpuscles,  and  the 
electrical  organs  of  the  ray. 

When  pure,  it  is  a  colourless,  slightly  crystalline  substance,  which  can  be 
kneaded,  but  often  crumbles  during  the  prooesa  It  is  readily  soluble  in 
cold,  exceedingly  so  in  hot  alcohol;  oether  dissolves  it  freely  though  in  less 
quantities,  as  also  do  chloroform,  fats,  benzol,  carbon  disulphide  kc  It  is 
often  obtained  from  its  alcoholic  solution,  by  evaporation,  in  the  form  of 
oily  drops.  It  swells  up  in  water  and  in  this  state  yields  a  flocculent 
precipitate  with  sodium  chloride. 

Lecithin  is  easily  decomposed;  not  only  does  this  decomposition  set  in 
at  70°  C,  but  the  solutions,  if  merely  allowed  to  stand  at  the  ordinary 
temperature,  acquire  an  acid  reaction,  and  the  substance  is  decomposed. 
Acids  and  alkalis,  of  course,  effect  this  much  more  rapidly.  If  heated 
vnih  baryta  water  it  is  completely  decomposed,  the  products  being,  neurin, 
glycerinphosphoric  add,  and  barium  stearate.  This  may  be  thus  repre- 
sented:— 

Lecithin,  Stearic  acid.        Glyceringhosphoric      ^^^^^ 

C^H^PO,  +  3H,0  =  2C„H«0,    +    C,H^6.    +    C,H„^0^ 

When  treated  in  an  SBthereal  solution  with  dilute  sulphuric  acid,  it  is 
merely  split  up  into  neurin  and  distearyl-glycerinphosphoric  acid.  Hence 
Diakonow'  regards  lecithin  as  the  distearyl-glycerinphosphate  of  neurin, 
two  atoms  of  hydrogen  in  the  glycerinphosphoric  add  being  replaced  by  the 
radical  of  stearic  add.  It  appears  also  that  there  probably  exist  other 
analogous  compounds  in  which  the  radicals  of  oleic  and  palmitic  acids 
take  part 

Frepatution.  Usually  from  the  yolk  of  egg,  where  it  occurs  in  union 
with  vitellin.  Its  isolation  is  complicated,  and  the  reader  is  referred  to 
Hoppe-Seyler*. 

^  Hoppe-Seyler,  Med.  ehem.  Untenueh.  Heft  2, 1867,  Heft  8,  1868.    CentraUb.f.  d« 
Jfed.  WiM$.  Nr.  1.  7  n.  28. 

*  Med.  ehem.  Untenueh.  TUbingen,  Heft  2, 1867. 

F.  P.  ^^ 
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Glycerinphosphoric  acid^    C,  H^  PO^ 

Occurs  as  a  product  of  the  decompositioii  of  lecithin,  and  hence  is  foand 
in  those  tissues  and  fluids  in  which  this  latter  is  present:  in  leuchiemia  tlie 
urine  is  said  to  contain  this  substance.  It  has  not  been  obtained  in  the 
solid  form.  It  has  been  produced  synthetically  by  heating  glycerine  and 
glacial  phosphoric  acid ;  it  may  be  regarded  as  formed  by  the  union  of  one 
molecule  of  glycerine  with  one  of  phosphoric  acid,  with  elimination  of  one 
molecule  of  water.  It  is  a  dibasic  acid;  its  salts  with  baryta  and  caldnm 
are  insoluble  in  alcohol,  soluble  in  cold  water.  Solutions  of  its  salts  are 
precipitated  by  lead  acetate. 

^eurin.     (Cholin)  C5  H^  NO,. 

Discovered  by  Strecker^  in  pig's-gall^  then  in  oxrgalL  It  does  not 
occur  either  in  the  free  state  or  apart  from  lecithin.  It  is  a  colourlen 
fluid,  of  oily  consistence,  possesses  a  strong  alkaline  reaction,  and  fonns 
with  acids  very  deliquescent  salts.  The  salts  with  hydrochloric  add  aod 
the  chlorides  of  platinum  and  gold  are  the  most  important. 

Neurin  is  a  most  unstable  body,  mere  heating  of  its  aqueous  solution 
sufficing  to  split  it  up  into  glycol,  trimethylamin  and  ethylene  oxide. 

Preparation.     From  yolk  of  egg.     For  tjiis  see  Diakonow*. 

Wortz'  has  obt^ed  it  syntbetioally,  first  by  the  aotion  of  glycol  hydrocfaloride  on 
trimethylamin,  and  then  by  that  of  ethylene  oxide  and  water  on  the  same  Bobstenee. 
The  above,  together  with  the  mode  of  its  decomposition,  point  to  the  idea  that  nemin 
may  be  regarded  as  trimethyl-oxyethyl-ammonium  hydrate,  N(CHJ,  {Cfifi)OK 

Cerebrin,     C^^  Hj^g  NO,  (?). 

Is  found  in  the  axis  cylinder  of  nerves,  in  pus  corpuscles,  and  largely 
in  the  brain.  In  former  times  many  names  were  given  to  the  substance 
when  in  an  impure  state,  e.g,  cerebric  acid,  oerebrote  &c  W.  Muller*  first 
prepared  it  in  the  pure  form,  and  constructed  the  above  formula  from  his 
analysis;  the  mean  of  these  is  O,  15-85.  H,  11*2.  N,  4-5.  C,  68'4o. 
Great  doubts  are  however  thrown  upon  its  purity,  by  the  researches  of 
later  observers.     According  to  Liebreich*  and  Diakonow*,  it  is  a  glucoside, 

Cerebrin  is  a  light,  colourless,  exceedingly  hygroscopic  powder,  which 
swells  up  strongly  in  water,  slowly  in  the  cold,  rapidly  on  heating.  When 
heated  to  80**  it  turns  brown,  and  at  a  somewhat  higher  temperature  melts, 
bubbles  up  and  finally  bums  away.  It  is  insoluble  in  cold  alcohol,  or  tether ; 
warm  alcohol  dissolves  it  easily.    Heated  with  dilute  mineral  acids,  cerebrifl 

1  Ann,  d.  Chem.  u,  Pharm,  Bd.  123,  S.  363.  Bd.  148,  S.  76. 

2  Op.  cit. 

3  Ann.  d.  Chem,  u,  Pharm.  Sup.  Bd.  6,  S.  116  u.  197. 

*  Ann.  d.  Chem,  u,  Pharm.  Bd.  105,  S.  361. 

*  Arch.  f.  pathol.  Anat.  Bd.  39,  1867. 

«  Centralb.f.  d.  Med.  Wiss.  1868,  Nr.  7. 
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yields  a  sugar-like  bodj,  possessing  leftrlianded  rotation,  but  incapable  of 
fermentation. 

PrtparcUion.     For  this  see  W.  Mtlller'. 

Liebreioh*  has  described  a  body  which  he  callg  protagon^  and  this  at  one  time 
was  regarded  as  the  essential  constituent  of  the  brain.  It  seems  probable  however 
that  it  is  merely  a  mixture  of  lecithin  and  oerebrin*. 


NITROGENOUS  METABOLITES. 

The  Urea  Group,  Amides,  and  similar  Bodies. 

Urea.     (NH,),CO. 

The  chief  constituent  of  normal  mine  in  Tnammalia,  and  some  other 
animals;  the  urine  of  birds  also  contains  a  small  amount.  Normal 
blood,  serous  fluids,  lymph  and  the  liver,  all  contain  the  same  body  in 
traces.  It  is  not  found  in  the  muscles,  though  bodies  capable  of  diipect 
transformation  into  urea  do  exist  there. 

When  pure  it  crystallises  from  a  concentrated  solution  in  the  form  of 
long,  thin,  glittering  needles.  If  deposited  slowly  from  dilute  solutions, 
the  form  is  that  of  four-sided  prisms  with  pyramidal  ends ;  these  are  always 
anhydrous.  It  possesses  a  somewhat  bitter  cooling  taste,  like  saltpetre.  ,  It 
is  readily  soluble  in  water  and  alcohol,  the  solutions  being  neutral.  In  an- 
hydrous aether  it  is  insoluble.  The  crystals  may  be  heated  to  120''  C  without 
being  decomposed;  at  a  higher  temperature  they  are  first  liquefied  and 
then  bum,  leaving  no  residue.  Heated  with  strong  acids  or  alkalis, 
decomposition  ensues,  the  final  products  being  carbonic  anhydride  and 
ammonia.  The  same  decomposition  may  also  occur  as  the  result  of  the 
action  of  a  specific  ferment  on  urea  in  an  aqueous  solution*.  Nitrous 
acid  at  once  decomposes  it  into  carbonic  anhydride  and  free  nitrogen.  It 
readily  forms  compounds  with  acids  and  bases ;  of  these  the  following  are 
of  importance. 

NitraU  of  urea.     (NH,)jCO .  HNO,. 

Crystallises  -  in  six-sided  or  rhombic  tables.  Insoluble  in  sether  and 
nitric  acid,  soluble  in  water,  slightly  soluble  in  alcohol. 

OxalaU  o/v/rea.     ( (NH^  CO), .  HjCjO,  -h  H,0. 

Often  crystallises  in  long  thin  prisms,  but  under  the  microscope  is 
obtained  in  a  form  closely  resembling  the  nitrate ;  it  is  slightly  soluble  in 
water,  less  so  in  alcohoL 

1  Op.  eit. 

*  Ann.  d,  Chem.  u.  Pharm.  Bd.  184,  8.  29. 
'  Hoppe-Seyler  and  Diakonow,  Op,  cit. 

*  MuBoolos,  Pfliiger*8  ArehiVt  xu.  214. 
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With  mercuric  nitrate  urea  yields  tliree  salts,  containiiig  respectivdy  4, 
3  and  2  equivalents  of  mercury  to  one  of  urea.  The  first  is  the  predpitaie 
formed  in  liebig's  quantitative  determination  of  urea.  The  exact  con- 
stitution of  these  salts  has  not  yet  been  determined. 

Freparation.  Ammonium  sulphate  and  potassium  cyanate  are  mixed 
together  in  aqueous  solution,  and  the  mixture  is  evaporated  to  diynesa. 
The  residue  extracted  with  absolute  alcohol  yields  urea.  From  mine, 
either  by  evaporating  to  diyness,  and  then  extracting  with  alcohol,  or 
concentrating  only  to  a  syrup,  and  then  forming  the  nitrate  of  urea;  this  is 
washed  with  nitric  acid  and  decomposed  with  barium  carbonate. 

Detection  in  Solutions,  In  addition  to  the  microscopic  appearances  of 
the  crystals  obtained  on  evaporation,  the  nitrate  and  oxalate  should  be 
formed  and  examined.  Another  part  should  give  a  precipitate  with  mer- 
curic nitrate,  in  the  absence  of  sodium  chloride,  but  not  in  the  presence  of 
this  last  salt  in  excess.  A  third  portion  is  treated  with  nitric  add 
containing  nitrous  fumes ;  if  urea  is  present,  nitrogen  and  carbonic  anhy- 
dride will  be  obtained.  To  a  fourth  part  nitric  acid  in  excess  and  a 
little  mercury  are  added,  and  the  mixture  is  warmed.  In  presence  of 
urea  a  colourless  mixture  of  gases  (N  and  COJ  is  given  aSL  A  fift^ 
portion  is  kept  melted  for  some  time,  dissolved  in  water,  and  capric 
sulphate  and  caustic  soda  are  added;  a  red  or  violet  colour,  due  to  biuret, 
is  developed. 

Urea  is  generally  considered  as  being  an  amide  of  carbonic  acid.  The 
amide  of  an  acid  is  formed  when  water  is  removed  from  the  ammonium 
salt  of  the  acid;  if  the  acid  be  dibasic  and  two  molecules  of  water  be 
removed,  the  result  is  often  spoken  of  as  a  diamide.  Thus  if  from  am- 
monium carbonate,  (NH4)aC0„  two  molecules  of  water,  2H,0,  be  removed, 
carbonic  acid  being  a  dibasic  acid,  the  result  is  urea;  thus : 

(NH,),CO,  -  2H2O  =  (NH^.CO, 
which  may  be  written  either  according  to  the  ammonia  type  as 

HAN,        or  as         CO  i  f"' 
HJ^  INH, 

two  atoms  of  amidogen  (NHJ  being  substituted  for  two  atoms  of  hv- 
droxyl  (HO). 

The  connection  between  carbonic  acid  and  urea  is  shewn  by  the  fact 
that  not  only  may  urea  be  formed  out  of  anunonium  carbamate  by  dehv- 
dratioii,  but  also  ammonixmi  carbonate  may  be  formed  out  of  urea  by  hydra- 
tion, as  when  urea  is  subjected  to  the  specific  ferment  mentioned  above. 
Regarded  then  as  a  diamide  of  carbonic  acid,  urea  may  be  spoken  of  as 
carbamide.     Kolbe  however  is  inclined  to  regard  it,  not  as  the  diamide  of 
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carbonic  add,  but  as  the  amide  of  carbamic  acid.  Ammonium  carbamate, 
CO,N,H«  minus  H,0,  gives  urea,  CO,  N,,  H4 — ^which,  if  carbamic  acid  be 
written  as  CO,  OH,  NH^  may  be  written  as  CO,  NH^  NH^  one  atom 
of  amidogen  being  substituted  for  one  atom  of  hydroxy!,  and  not  two, 
as  when  the  sul)stance  is  regarded  as  derived  from  carbonic  acid  For 
the  bearing  of  this  difference  of  derivation  see  p.  352. 

Wanklyn  and  Oamgee^  however,  since  urea  when  heated  with  a  large 
excess  of  potassium  permanganate  gives  off  all  its  nitrogen  in  a  free  state 
and  not  in  the  oxidized  form  of  nitric  acid,  as  do  all  other  amides,  conclude 
that  it  is  not  an  amide  at  all,  that  it  is  isomeric  only  and  not  identical  with 
carbamide. 

It  is  important  to  remember  that  tirea  is  also  isomeric  with  ammonium 

cyanate,  ^JQjq-jx     and  indeed  was  first  formed  artificially  by  Wohler 

from  this  body.  We  thus  have  three  isomeric  compoimds,  ammonium 
cyanate,  urea,  and  carbamide,  related  to  each^other  in  such  a  way  that  urea 
may  be  obtained  readily  either  from  ammonium  cyanate  or  from  ammo- 
nium carbamate,  and  may  with  the  greatest  ease  be  converted  into  ammo- 
nium carbonate.  Now  urea  is  a  much  more  stable  body  than  ammonium 
cjranate,  and  in  the  transformation  of  the  latter  into  the  former,  energy  is 
set  free;  and  it  is  worthy  of  notice  that  though  the  presence  of  sulpho- 
cyanides  in  the  saliva  probably  indicates  the  existence  of  cyanic  residues  in 
the  body,  the  nitrogenous  products  of  the  decomposition  of  proteids  belong 
chiefly  to  the  class  of  amides,  cyanogen  compounds  being  rare  among  them. 
Pfltiger'  has  called  attention  to  the  great  molecular  energy  of  the  cyanogen 
compoimds,  and  has  suggested  that  the  functional  metabolism  of  proto- 
plasm by  which  energy  is  set  fr^  may  be  compared  to  the  conversion  of 
the  energetic  imstable  cyanogen  compounds  into  the  less  eneigetic  and 
more  stable  amides.  In  other  words,  ammonium  cyanate  is  a  type  of  living, 
and  urea  of  dead  nitrogen,  and  the  conversion  of  the  former  into  the  latter 
is  an  image  of  the  essential  change  which  takes  place  when  a  living  proteid 
dies. 

Compoiwnd  ureas.  The  hydrogen  atoms  of  urea  can  be  replaced  bj  alcohol  and 
add  radicals.  The  results  are  compound  ureas.  Many  of  them  are  called  acids,  since 
the  hydrogen  from  the  amide  group,  if  not  all  replaced  as  above,  can  be  rei^aced  by 
a  metal.    Thus  the  substitution  of  oxalyl  (oxalic  add)  gives  parabanic  add. 


(00 

nJh. 
(c,o. 


or  CO,  NH»  N  .  C,0,; 


of  tartronyl  (tartronic  acid),  dialuric  add,  CO,  NH^  N .  C,H,Ot ;  of  mesozalyl  (mesozalic 
acid),  alloxan,  CO,  NH,,  N .  C,0,.  These  bodies  are  interesting  as  being  also  obtained 
by  the  artificial  oxidation  of  uric  acid. 

^  Toum,  Chem,  8oe,  S,  Vol.  vi.  p.  26. 
>  Fflttger's  Arehiv,  x.  837. 
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Uric  add.     C,H4N^0,. 

The  chief  consdtuent  of  the  xuine  in  birds  and  reptiles;  it  oocors  onlj 
sparingly  in  this  excretion  in  man  and  most  mammalia.  It  is  noimallj 
present  in  the  spleen,  and  traces  of  it  have  been  found  in  the  lungs,  muscles 
of  the  heart,  pancreas,  brain  and  lirer.  Urinary  and  renal  calculi  oHeii 
consist  largely  of  this  body,  or  its  salts.  In  gout,  accumulations  of  uric 
acid  salts  may  occur  in  various  parts  of  the  body,  forming  the  so-called 
gouty  ooncretiona 

It  is  when  pure  a  colourless,  crystalline  powder,  tasteless,  and  without 
odour.  The  crystalline  form  is  very  variable,  but  usually  tends  towards 
that  of  rhombic  tables  ^  When  impure  it  crystallises  readily,  but  then 
possesses  a  yellowish  or  brownish  colour.  In  water  it  is  veiy  insoluble 
(1  in  14,000  or  15,000  of  cold  water);  aether  and  alcohol  do  not 
dissolve  it  appreciably.  On  the  other  hand,  sulphuric  add  takes  it 
up  without  decomposition,  and  it  is  also  readily  soluble  in  many  salts  of 
the  alkalis,  as  in  the  alkalis  themselves.  Ammonia  however  scarcely 
dissolves  it. 

SaUs  of  Uric  add.  Of  these  the  most  important  are  the  acid  urates  of 
sodium,  potassium,  and  ammonium.  The  sodium  salt  crystallises  in  many 
different  forms,  these  not  being  characteristic,  since  they  are  almost  the 
same  for  the  corresponding  compounds  of  the  other  two  bases.  It  is  very 
insoluble  in  cold  water  (1  in  1100  or  1200),  more  soluble  in  hot  (1  in  125). 
It  is  the  principal  constituent  of  several  forms  of  urinary  sediment,  and 
composes  a  large  part  of  many  calculi;  the  excrement  of  snakes  contains  it 
largely.  The  potassium  resembles  the  sodium  salt  very  closely,  as  also  does 
the  compound  with  ammonixmi;  the  latter  occurs  generally  in  the  sediment 
from  alkaline  urine. 

Frepa/ration.  Usually  from  guano,  or  snake's  excrement.  From  guano 
by  boiling  with  caustic  potash  (1  part  alkali  to  20  of  water)  as  long  as 
ammonia  is  evolved.  In  the  filtrate  a  precipitate  of  acid  urate  of  potas- 
tdum  is  formed  by  passing  a  current  dt  carbonic  anhydride,  and  this  salt  is 
then  decomposed  by  excess  of  hydrochloric  acid. 

The  presence  of  uric  acid  is  recognised  by  the  following  tests.  The  sub- 
stance having  been  examined  microscopically,  a  portion  is  evaporated  care- 
ftdly  to  dryness  with  one  or  two  drops  of  nitric  acid.  The  residue  will,  if 
uric  acid  is  present,  be  of  a  red  colour,  which  on  the  addition  of  ammonia 
turns  to  purple.  This  is  the  murexide  test,  and  depends  on  the  presence 
of  alloxan  and  alloxantin  in  the  residue.  Schiff'  has  given  a  delicate 
reaction  for  uric  acid.  The  substance  is  dissolved  in  sodic  carbonate,  and 
dropped  on  paper  moistened  with  a  silver  salt,     K  uric  acid  be  present 

1  See  Ultzmann  and  K.  B.  Hofhnann,  AiUu  der  Hamsedimente,  Wien,  1972. 
*  Ann.  d.  Chem,  u.  Pharm.  109,  p.  65. 
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a  brown  stain  is  formed,  due  to  the  redaction  of  the  silver  carbonate. 
An  alkaline  solution  of  uric  acid  can^  like  dextrose,  reduce  cupric  sulphate, 
with  precipitation  of  the  cuprous  oxide. 

Unlike  urea,  uric  acid  cannot  be  formed  artificially;  and  unlike  urea 
and  the  urea  compounds^  it  resists  rerj-  largely  the  action  of  even  strong 
acids  and  alkalis.  This  last  &ict  would  seem  to  indicate  that  urea  residues 
do  not  pre-exist  in  uric  acid;  nevertheless  by  oxidation  uric  add  does  give 
rise  not  only  to  ordinary  urea,  but  also,  and  at  the  same  time,  to  the  com- 
pound ureas  spoken  of  above«     Thus  by  oxidation  witii  acids, 

Urio  add*  Alloxan.  Urea. 

C,H,N,0,  +  H,0  +  O  =  C,N^  A  +  CN,H,0 ; 
Now  alloxan,  as  was  stated  above,  is  a  compound  urea,  viz.  mesoxalyl- 
urea,  and  by  hydration  can  be  converted  into  mesoxalic  acid  and  urea,  thus : 

Alloxan.  Mesoxalic  add.      Urea. 

C4NA0,+  2H/)  =  C,H,0,  +  CN^.O; 

and  by  the  action  of  chlorine  uric  add  can  be  split  up  directly  into  a 
molecule  of  mesoxalic  add  and  two  molecules  of  urea: 

Urio  add.  Mesoxalic  add.         Urea. 

C^H^N A  +  CI,  +  4H,0  =  C,  H,  O,  4.  2CNja,0  +  2Ha. 

By  oxidation  with  alkalis,  uric  add  is  converted  into  allatitoin  and 
carbonic  acid, 

Uric  acid.  Allantoin. 

C,H,N,0,  +  H,0  +  O  =  C4H^  A  +  CO, ; 

and  aUantoin,  by  hydration,  becomes  allanturic  or  lantanuric  add  and  Urea, 

Allantoin.  Urea.       Allantoric  add. 

C4H.N A  -^llfi  =  CK^fi  4.  C,H,N,0. 

Now  allanturic  acid  is  a  compound  urea,  with  a  reddue  of  glyoxylic 
add.  By  other  oxidations  of  uric  acid,  parabanic  acid  (oxalyl-urea),  ox- 
aluric  add  (which  is  hydrated  parabanic  acid),  and  dialuric  acid  (tartronyl-^ 
urea)  are  obtained.  In  fact  all  these  decompositions  of  a  molecule  of  uric 
add  lead  to  two  molecules  of  urea  and  a  carbon  acid  of  some  kind  or  other. 

There  are  however  reasons  for  thinking  that  before  the  urea  can  be 

obtained  from  the  uric  acid  a  molecular  change  takes  place;  that  part  of  the 

nitrogen  of  uric  add  exists  as  a  cyanogen  reddue,  which  on  the  splitting 

up  of  the  uric  acid  is  converted  into  the  same  condition  as  the  rest  of  the 

nitrogen,  viz,  into  the  amide  condition.     It  has  been  supposed  indeed  that 

uric  add  is  tartronyl  cyanamide,  in  which  two  molecules  of  amidogen  have 

been  replaced  by  the  radical  of  tartronic  acid,  and  two  others  by  two 

atoms  of  cyanogen,  thus: 

(C,H,0, 
(NH),(CN),CAO,  or  N*  ^(CN), 
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If  this  be  80,  since  the  metabolism  of  the  animals  in  which  niic  add  re- 
places urea  cannot  be  supposed  to  be  fundamentally  different  from  that 
of  the  urea-producing  ft.nimf>.1iiy  we  may  infer  that  the  antecedent  of  both 
uric  acid  and  urea  in  the  regressive  metabolism  of  proteids  is,  as  we  sug- 
gested above,  a  body  containing  some  at  least  of  its  nitrogen  in  the  fonn  of 
cyanogen. 

KrecUin.     C4  H^  N,  O,. 

Occurs  as  a  constant  constituent  of  the  juices  of  muscles,  though  possiblj 
it  may  be  formed  during  the  process  of  extraction  by  the  hydration  of 
kreatinin.  Kreatin  is  not  a  normal  constituent  of  urine^  but  it  is  said  to 
occur  in  traces  in  several  fluids  of  the  body.  When  found  in  uiine 
its  presence  is  probably  due  to  the  conversion  of  kreatinin,  a  constant  ooih 
stituent  of  urine,  into  kreatin  during  its  extraction,  since  Dessaignes* 
has  shewn  that  the  more  rapidly  the  separaticm  is  effected,  the  less  is 
the  quantity  of  kreatin  obtained,  and  the  greater  the  amount  of  kreatinin. 

In  the  anhydrous  form  it  is  white  and  opaque,  but  crystallises  with 
one  molecule  of  water  in  colourless  transparent  rhombic  prisma  It 
possesses  a  somewhat  bitter  taste,  is  soluble  in  cold,  extremdy  soluble 
in  hot  water,  is  less  soluble  in  absolute  than  in  dilute  alcohol,  and  is 
insoluble  in  sether. 

It  is  a  very  weak  base,  scarcely  neutralising  the  weakest  acids.  It 
forms  crystalline  compounds  with  sulphuric,  hydrochloric  and  nitric  adds. 

Preparation,  From  extract  of  musde  by  precipitating  completely 
with  basic  lead  acetate,  and  crystallising  out  the  kreatin,  mixed  with 
kreatinin.  From  this  latter  it  is  separated  by  the  formation  of  the  zinc- 
salt  of  kreatinin,  kreatin  not  readily  yielding  a  similar  compound. 

Ereatin  may  be  conyerted  into  kreatinin  under  the  influence  of  acids,  the  tzans- 
formation  being  one  of  simple  dehydration, 

Kreatin  may  be  decomposed  into  sarcosin  (methyl-glycin)  and  urea 

C,H,N,Oj  +  H,0  =  CjHyNO,  +  CH,N,0 ; 

it  may  be  formed  synthetically'  by  the  action  of  sarcosin  and  cyanamide: 

CgHyNO,  -t-  CHjN,  =  C^HjlSr.O^ 

Sarcosin  is  glycin  in  which  one  atom  of  hydrogen  has  been  replaced  by 
the  alcohol  radical  methyl,  thus : 

glycin  ^^^aOjo  becomes  CsH.(CH3)0|  ^ 

like  glycin,  sarcosin  has  not  been  found  in  a  free  state  in  the  body. 

^  J,  Pharm,  (8)  xxxn.  p.  41. 

'  Sitzungsber,  d,  hayersch,  Akad.  1868,  Hft.  3,  p.  472. 
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Kreatinin,     C4  H7  N,  O. 

This,  which  is  simply  a  dehydrated  form  of  kreatin,  occurs  normally 
as  a  constant  constituent  of  urine  and  of  muscle  extract.  It  crystallises 
in  colourless  shining  prisms,  possessing  a  strong  alkaline  taste  and  reaction. 
It  is  readily  soluble  in  cold  water  (1  in  11*5),  also  in  alcohol,  but  is 
scarcely  soluble  in  sether.  It  acts  as  a  powerful  alkali,  forming  with  acids 
and  salts  compounds  which  crystallise  welL  Of  these  the  most  important 
is  the  salt  with  zinc  chloride  (C^HtNiO),  Zn  Clf.  It  is  formed  when  a 
concentrated  solution  of  the  chloride  is  added  to  a  not  too  dilute  solution 
of  kreatinin.  Since  the  compound  is  very  little  soluble  in  alcohol,  it  is 
better  to  use  alcoholic  rather  than  aqueous  solutions.  It  ciystallises  in 
warty  lumps  composed  of  aggregated  masses  of  prisms,  or  fine  needles. 

Preparation.  Either  by  the  action  of  acids  on  kreatin,  or  from  human 
urine  by  concentrating,  and  precipitating  with  lead  acetate ;  in  the  filtrate 
from  this,  a  second  precipitate  is  caused  by  the  addition  of  mercuric 
chloride,  and  consists  of  a  compound  of  this  salt  with  kreatinin.  The 
mercury  is  removed  by  sulphuretted  hydrogen,  and  the  kreatinin  purified 
by  the  formation  of  the  zinc  salt^  and  washing  with  alcohol. 

Ereatinin-zino  chloride  may  be  converted  into  kreatin,  by  the  action  of  hydrated 
oxide  of  lead  on  its  boiling  aqoeouB  eolation. 

A  UarUoin,     C4  H,  N4  O,. 

The  characteristic  constituent  of  the  allantoic  fluid  of  the  foBtus;  it 
occurs  also  in  the  urine  of  animals  for  a  short  period  after  their  birtL 
Traces  of  it  are  sometimes  detected  in  this  excretion  at  a  later  date. 

It  crystallises  in  small,  shining,  colourless  prisms,  which  are  tasteless 
and  odourless.  They  are  soluble  in  160  parts  of  cold,  more  soluble  in  hot 
water,  insoluble  in  cold  alcohol  and  aether,  soluble  in  hot  alcohoL  Car- 
bonates of  the  alkalis  dissolve  them,  and  compounds  may  be  formed  of 
allantoin  with  metals  but  not  with  adds. 

Allantoin,  as  already  stated,  p.  615,  is  one  of  the  products  of  the  oxida- 
tion of  uric  acid,  and  by  further  oxidation  gives  rise  to  urea, 

FreparaUan,  This  is  best  done  by  the  careful  oxidation  of  uric  acid 
either  by  means  of  potassium  permanganate  or  f errocyanide,  or  by  lead 
oxide. 

Ht/poxanthin  or  Sarkin,     C,  H4  N4  O. 

Is  a  normal  constituent  of  muscles,  occurring  also  in  the  spleen, 
liver,  and  medulla  of  bones.  In  leuchaemia  it  appears  in  the  blood  and 
urine.  It  crystallises  in  fine  needles  which  are  soluble  in  300  parts  of  cold, 
more  soluble  in  hot  water,  insoluble  in  alcohol,  soluble  in  acids  and  alkalis. 
It  forms  crystalline  compounds  with  adds  and  bases.  It  is  precipitated 
by  basic  acetate  of  lead,  the  precipitate  being  soluble  in  a  solution  of  the 
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normal  acetate.  Its  preparatioii  from  mnscle-extract  depends  on  its  pre- 
cipitation first  by  basic  acetate  of  dead,  and  then  by  an  ammoniacal  solu- 
tion of  silver  nitrate  after  the  removal  of  kreatin. 

First  discovered  in  a  urinary  calculus,  and  called  zanthic  oxide.  More 
recently  it  has  been  found  as  a  normal,  though  scanty,  constituent  of  mine, 
muscles,  and  several  organs,  such  as  the  liver,  spleen,  thymus,  dec. 

When  precipitated  by  cooling  from  its  hot,  saturated,  aqueous  solutioii 
it  falls  in  white  flocks,  but  if  the  solution  be  allowed  to  evaporate  slowly 
it  is  obtained  in  small  scales.  When  pure  it  is  a  colourless  powder,  very 
insoluble  in  water,  requiring  1500  times  its  bulk  for  solution  at  lOCC. 
Insoluble  in  alcohol  and  aether,  it  readily  dissolves  in  dilute  acids  and 
alkalis,  forming  crystallisable  compounds. 

Hypoxanthin  by  oxidation  becomes  xanthin.  Both  these  bodies,  as 
well  as  the  following,  guanin  and  camin,  are  evidently  closely  allied  to 
uric  acid ;  indeed,  uric  acid  by  the  action  of  sodium-amalgam  may  be  con- 
verted into  a  mixture  of  xanthin  and  hypoxanthin. 

FreparcUion.  It  is  obtained  from  urine  and  the  aqueous  extract  of 
muscle  by  a  process  similar  to  that  for  hypoxanthin,  and  is  then  separated 
irom  the  latter  by  the  action  of  dilute  hydrochloric  acid ;  this  separation 
depends  on  the  different  solubilities  of  the  hydrochlorates  of  the  two  l)odie& 
For  further  information  see  Neubauer  *. 

Camin.     CyHjN^O,. 

Discovered  by  Weidel  *  in  extract  of  meat,  of  which  it  constitutes  about 
one  per  cent. 

It  crystallises  in  white  masses  composed  of  very  small  irregular  crystals; 
it  is  soluble  with  difliculty  in  cold,  more  easily  soluble  in  hot  water,  in- 
soluble in  alcohol  and  sether.  Its  aqueous  solution  is  not  precipitiite<l  by 
normal  lead  acetate,  but  is  by  the  basic  acetate  of  this  metal  It  unites 
with  acids  and  salts  forming  crystalline  compounds. 

Preparation,  Is  found  in  the  precipitate  caused  in  extract  of  meat  by 
basic  acetate  of  lead  '. 

This  body  possesses  an  interesting  relation  to  hypoxanthin,  into  which  it  may  be 
converted  by  the  action  either  of  nitric  aeid  or,  still  better,  of  bromine. 

Gtumin.     C^  H^  Nj  O. 

First  obtained  from  guano,  but  recently  observed  as  occurring  in  small 
quantities  in  the  pancreas,  liver  and  muscle  extract. 

^  Ham-Analyse,  7  Ed.  p.  24. 

*  Ann.  d.  Chem.  u.  Pharm,  Bd.  158,  p.  3C5. 

»  bee  Weidel,  Op,  ciU 
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It  is  a  white  amorphous  powder,  insoluble  in  water,  alcohol,  ether  and 
ammonia.  It  unites  with  acids,  alkalis  and  salts  to  form  crjstallisable 
compounds. 

Preparation,  fVom  guano  hy  boiling  sucoessiyelj  with  milk  of  lime 
and  caustic  soda,  precipitating  with  acetic  acid,  and  purifying  hy  solution 
in  hydrochloric  acid  and  precipitation  by  ammonia. 

Guanin  may,  by  the  action  of  nitrous  acid,  be  converted  into  xanthin. 
By  oxidation  it  can  be  made  to  yield  principally  guanidine  and  parabanic 
acid,  accompanied  however  by  small  quantities  of  urea,  xanthin  and  oxalic 
acid. 

Its  separation  from  hypoxanthin  and  xanthin  depends  on  its  insolubility 
in  water  and  behaviour  with  hydrochloric  acid. 

Kynv/renic  acid,     C«  H^^  N,  O^  +  2H,  O. 

Found  in  the  urine  of  dogs,  and  first  described  by  Liebig  *.  When  pure 
it  crystallises  in  brilliant  white  needles,  insoluble  in  cold,  soluble  in  hot 
alcohoL  The  only  salt  of  this  body  which  crystallises  well  is  that  formed 
with  barium.  For  preparation  and  other  particulars  see  Liebig'  and 
Schultzen  and  Schmiedeberg'. 

Olycin,     C,  H,  (NH^  O  (OH).     Also  called  Glycocoll  and  Glycocine. 

Does  not  occur  in  a  free  state  in  the  human  body,  but  enters  into  the 
composition  of  many  importcoit  substances,  e,  g.  hippuric  and  bile  adds. 
It  crystallises  in  large,  colourless,  hard  rhombohedra,  which  are  easily 
soluble  in  water,  insoluble  in  cold,  slightly  soluble  in  hot  alcohol,  insoluble 
in  ether.  It  possesses  an  acid  reaction,  but  a  sweet  taste.  It  has  also  the 
property  of  uniting  with  both  acids  and  bases,  to  form  crystaUisable  com- 
pounds. In  this  it  exhibits  its  amide  nature,  and  that  it  is  an  amide 
is  rendered  evident  from  the  methods  of  its  synthetic  preparation;  thus 
mono-chlor-acetic  acid  and  ammonia  give  glycin  and  ammonium  chlo- 
ride :— C JB,C1 0,  -J.  2NH,  =  C^^NH,)0(OH)  +  NH.CL  It  is  amido-acetic 
acid.     Heated  with  caustic  baryta  it  yields  ammonia  and  methylamine. 

Preparation.  From  glutin  by  the  action  of  acids  or  alkalis;  from 
hippuric  acid  by  decomposing  this  with  hydrochloric  acid  at  a  boiling 
temperature  and  removing  by  precipitation  the  simultaneously  formed 
benzoic  acid. 

Taurin,     C,  H,  NO,  a 

In  addition  to  entering  into  the  composition  of  taurocholic  (see  p.  625) 
acid,  taurin  is  found  in  traces  in  the  juices  of  muscle  and  of  the  lungs. 

^  Ann,  d.  Chem.  u.  Pharm.  Bd.  86,  p.  125.  and  Bd.  108,  p.  854. 
'  Op.  cit.  *  Atm,  d,  Chem.  u.  Pltarm.  Bd.  1C4,  p.  155. 


Ix  ^rr^uh3w»  jeb  wAmfiMib.  ffifonB^bc  sz-mec  iviBini:  ^ggm  wk  nnrr 
A/A  nt^fiM  ^jcu  vr  4iM0t  ^k^kuk  Maui  «<atty  ei>Bb  -vikbi  lioBkid  -vm  ttsoL 
IroMi  MfbtlaKjuie  f'^jUfn}§Apmt:^  ««!  bf  ik  mock  «£  jyuMuua :  liin: 


Pr^MmiiU/m,  As  »  pruinct  of  Uie  deocnpoBfikn  <if  lile.  and  k  poriM 
lyy  wuifmu^  %uj  tn^MH  of  bile;  iuMm  br  BMUt  of  lead  acette^  azui  tte 
iMi^X9<!«wiy«;l/  ^ifiudlmM^  from  vsx«f: 

Iff  <ifM;  of  tli«  ymyaimL  prod^Kto  of  the  deoompositioD  of  mtrogaMU 
uuittMr^  aiiky^  uwUir  the  uiHiMtice  of  potref^doQ  or  of  strong  wddM  mbA 
fJluJin.  It  ffwnn  hfjnwffVHr  iKMioallj  in  the  puicretts  i^een,  thjiniB, 
t}i/iv/id^  miiv^ry  f^auvbkf  liver,  ibe^  simI  is  one  of  the  prodnctB  of  the  tnpdc 
((jiina^Atk;^  digaition  of  proteids;  in  acute  atn^j  of  the  lirer  it  is  present 
iii  tb«  urine  in  lurge  qusntitj,  in  companj  with  tjrosin. 

As  usiuJij'  obtsined  in  an  impure  form  it  crjstallises  in  rcranded  lumps 
which  are  often  collected  together,  and  sometimes  exhibit  radiating  rtiu- 
iUm.  Wbcf  i  jnire,  it  forms  very  thin,  white,  glittering  flat  crystals.  These 
tint  ensily  ntAu\Att  in  h^/t  water,  less  so  in  cold  water  and  alcohol,  insoluble 
ill  Hithtn',  TUity  ItnA  oily  to  the  touch,  and  are  without  smell  and  taste. 
Aci«is  arid  alkalis  dissolve  them  readily,  and  crystallisable  compounds  are 
foniiwl. 

r'fin;fiilly  bc'ai';<l  io  Wf*  it  sablimes,  but  at  a  higher  temperature  is  decomposed 
yf';I(liri«  arijylamin,  carlKjnic  anhydride  and  ammonia.  In  the  presence  of  pntrefring 
uiiitfjttl  matter  it  KplitM  up  into  valeric  acid  and  ammonia ;  in  this  it  exhibits  its  amide 
ijutiire. 

1/fUciii  is  amido-cai»roic  acid,  and  may  be  written  thus  : 

I^rrparalum,  From  horn-shavings  by  boiling  with  sulphuric  acid, 
iKMitniliMing  with  baryta  and  separating  from  t3rrosin  by  successive  ors- 
tjilliHiition.     B<K)  also  Ktthne^ 

Hchcjror  has  givon  the  following  test  for  leucin.  The  suspected  sub- 
MUinc(^  is  (jvaporated  canjfully  to  dryness  with  nitric  acid;  the  residue,  if  it 

1  Virchow's  Arehiv,  Bd.  89,  S.  130. 
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is  leucin,  will  be  almoBt  transparent  and  turn  yellow  or  brown  on  the 
addition  of  caustic  soda.  K  heated  again  with  the  alkali  an  oilj  drop 
is  obtained,  which  is  quite  characteristic  of  this  substance.  Leucin,  if  not 
too  impure,  may  be  easily  recognised  by  its  subliming  on  being  heated; 
a  characteristic  odour  of  amylauiin  is  at  the  same  time  evolyed. 

Cystin.     C,  H,  NSO^ 

Is  the  chief  constituent  of  a  rarely  occurring  urinary  calculus  in  men 
and  dogs.     It  may  also  occur  in  renal  concretions,  and  in  graveL 

From  calculi  it  is  obtained,  by  extraction  with  ammonia,  as  colourless 
six-sided  tables  or  rhombohedra,  which  are  neutral  and  tasteless.  It  is 
insoluble  in  water,  alcohol  and  sBther,  soluble  in  anmionia  and  the  other 
alkalis,  and  also  in  mineral  acids.  The  fact  that  this  body  is  one  of  the 
few  crystalline  substances,  occurring  physiologically,  which  contain  sulphur, 
renders  its  detection  very  easy.  Apart  from  its  insolubility  in  water, 
&C.,  it  yields  with  caustic  potash  and  salts  of  either  silver  or  lead,  a 
brown  colouration  due  to  the  presence  of  the  sulphides  of  these  metals. 

Aeoording  to  Bewar  and  Qamgee^  cystin  is  amido-stdpho-pyniyic  acid,  and  its 
formula  is  CiH^NSO, — pyravio  being  lactic  acid  minus  two  atoms  of  hydrogen. 

The  Aromatic  Series. 

Benzoic  add,     HC,  £[5  0^ 

This  is  not  found  as  a  normal  constituent  of  the  body,  but  owes  its 
presence  in  urine  to  the  decomposition  of  hippuric  acid,  whereby  glycin 
and  bensoic  add  are  formed : 

Hippuric  acid.  Glycin.       Benzoic  acid. 

The  sublimed  acid  is  generally  crystallised  in  fine  needles,  which  are 
light  and  glistening;  any  odour  they  possess  is  not  due  to  the  acid,  but  to 
an  essential  oil,  with  which  they  are  mixed.  When  precipitated  from 
solution,  the  crystalline  form  is  always  indistinct.  This  acid  is  soluble  in 
200  parts  cold,  or  25  parts  of  boiling  water,  but  is  easily  soluble  in  alcohol 
or  lether.  It  sublimes  readily  at  145^0;  it  also  passes  off  in  the  Tapours 
arising  from  its  heated  solutions. 

Prepa/ration,  Either  as  above  from  hippuric  acid  by  fermentation,  or 
the  action  of  hydrochloric  acid,  or  by  sublimation  from  gum-benzoin. 

Tyronn.     C,  Hu  NO^ 

Generally  accompanies  leucin,  and  is  perhaps  found  normally  in  small 
quantities  in  the  pancreas  and  spleen.     It  is  also  usually  obtained  in  large 

^  Jowm,  o/Anat.  and  Phytiol.  Nov.  1870,  p.  148. 


622  THE  AROMATIC  SERIES.  [App. 

quantities  by  the  decomposition  of  proteid  matter,  either  by  pntar^action 
or  the  action  of  acids. 

The  researches  of  Badziejewsky^  render  it  probable  that  tyrosin  does  not  oceor 
normally  in  any  part  of  the  human  organism,  except  as  a  product  of  paneieatie 
digestion. 

It  crystallises  in  exceedingly  fine  needles  which  are  usually  collected  into 
feathery  masses.  The  crystals  are  snow-white,  tasteless  and  odourless, 
almost  insoluble  in  cold  water,  readily  soluble  in  hot  water,  adds  and 
alkalis,  insoluble  in  alcohol  and  sether.  If  crystallised  from  an  alkaline 
solution  tyrosin  often  assumes  the  form  of  rosettes  composed  of  fine  needles 
arranged  radiately. 

Tyrosin  does  not  sublime  by  heating,  but  is  decomposed  with  an  odoor 
of  phenol  and  nitrobenzol.  On  boiling  with  MUlon's  reagent  it  gires  a 
reaction  almost  identical  with  that  for  proteids  (Hoffinann's  test).  Treated 
with  strong  sulphuric  acid  and  gently  warmed,  it  yields,  on  the  addition 
of  chloride  of  iron,  a  violet  colour  (Piria's  test). 

Tyrosin  is  an  ammonia  compoimd  belonging  to  the  aromatic  (benfinc) 
series. 

Preparation,  By  means  similar  to  those  employed  for  leudn,  the  sepir 
ration  of  the  two  depending  on  their  solubilities.  According  to  Killme's 
method'  large  quantities  are  easily  obtained  as  the  result  of  pancreatic 
digestion.     It  has  not  yet  been  formed  synthetically. 

Hippuric  add.    CpHgNO^     Or  Benzoyl-glycin.    CjH4(C,H5O)N0, 

Is  found  in  considerable  quantities  in  the  urine  of  herbivora,  and  also, 
though  to  a  much  smaller  amount,  in  the  urine  of  man.  It  is  formed  in 
the  body  by  the  union  with  dehydration  of  glycin  and  benzoic  acid,  see 
p.  354. 

Crystallised  from  a  saturated  aqueous  solution,  it  assumes  the  form  of 
fine  needles;  if  from  a  more  dilute  solution,  white,  semitransparent  fom^ 
sided  prisms  are  obtained.  These  when  pure  are  odourless,  with  a  somewhat 
bitter  taste.  They  are  soluble  in  600  parts  of  cold  water,  readily  soluble 
in  alcohol,  less  so  in  sether.     All  the  solutions  redden  litmus. 

Hippuric  acid  is  monobasic,  and  forms  salts  which  are  readily  soluble  in 
water  (except  the  iron  salts);  from  these,  if  in  sufficiently  concentrated 
solutions,  excess  of  hydrochloric  acid  precipitates  the  acid  in  fine  needles. 
When  heated  with  concentrated  mineral  acids  it  is  resolved  into  benzoic 
acid  and  glycin.  The  same  decomposition  occurs  in  presence  of  putrefy- 
ing bodies.     Strong  nitric  acid  pi-oduces  an  odour  of  niti-obenzol. 

'  Archiv  f.  path.  Anat.  Bd.  36,  p.  1.  Zeitsch.f.  anal.  Chem.  Bd.  5,  p.  iQ6. 
«  Virchow'B  Arch.  Bd.  30,  p.  130. 
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Preparation,  Fresh  urine  of  horses  or  cows  is  boiled  with  nulk  of 
lime,  filtered,  and  the  filtrate  evaporated  to  a  small  bulk;  the  hippuric 
acid  is  then  precipitated  hj  adding  an  excess  of  hydrochloric  add. 

When  heated  in  a  small  tube,  hippuric  acid  gives  a  sublimate  of  benzoic 
acid  and  ammonium  benzoate,  accompanied  hj  an  odour  like  that  of  new 
hay,  while  oily,  red  drops  are  observed  in  the  tube.  This  is  very  character- 
istic, and  distinguishes  it  from  benzoic  acid^ 

Fhenylic  (Carbolic)  acid,     Cj  H,  O. 

This  acid  occurs  only  as  a  urinary  constituent.  According  to  the 
older  view  it  was  a  normal  constituent  of  this  excretion ;  it  seems,  how- 
ever, more  probable  that  it  is  due  to  some  decomposition  occurring  in  the 
urine,  by  .the  processes  requisite  for  its  isolation. 

Buliginsky^  says  the  urine  of  many  animals,  of  oows  and  horses  always,  contains  a 
substance  insolable  in  alcohol,  and  not  precipitated  by  lead  acetate  and  ammonia, 
which  by  the  action  of  dilate  mineral  acids  gives  carbolic  acid.  The  same  acid  applied 
to  the  body  externally  or  internally  also  passes  into  the  iirine*.  Similarly  benzol 
(C^Hf)  when  taken  into  the  stomach  appears  as  oarboUc  aeid  in  the  nrine'. 

The  pure  acid  crystallises  in  long,  colourless  prismatic  needles;  they 
melt  at  35^0,  and  boil  at  180^0.  It  is  readily  soluble  in  alcohol  and 
SBther,  slightly  soluble  in  water  (1  part  in  20).  In  most  cases  it  acts  as 
a  weak  acid,  forming  crystalline  salts  with  the  alkalis.  With  nitric  acid 
it  yields  picric  aeid.    Its  solutions  reduce  silver  and  mercury  salts. 

Preparation.  By  the  dry  distillation  of  salicylic  acid,  also  from  the 
acid  products  of  the  distillation  of  coaL 


Thb  Bile  Series. 

Cholic  (or  cliolalic)  acid.     H  •  C^  Hj,  O,  +  H,  O. 

Occurs  in  traces  in  the  small  intestine,  in  larger  quantities  in  tbe 
contents  of  the  large  intestine,  and  the  excrements  of  men,  cows  and 
dogs.  In  Icterus,  the  urine  often  contains  traces  of  this  acid.  But  its 
principal  interest  lies  in  its  being  the  starting  point  for  the  various 
bile  acids  (see  below).  The  pure  acid  may  be  amorphous,  or  crystalline, 
in  the  latter  case  cryBtaJlising  from  hot  alcoholic  solutions  in  tetrahedra. 
These  crystals  are  insoluble  in  water  and  ssther.  In  the  amorphous 
form,  it  is  somewhat  soluble  in  water  and  sether.  Heated  to  200°C,  it  is 
converted  into  water  and  dyslysin  (C^  H^  O,). 

1  Hoppe-Seyler,  Med,  Chem,  Untenuch,  1867,  Heft  2,  p.  234. 
>  Alm^n,  News  Jahrb,  d,  Pharm,  Bd.  84,  p.  111.    Balkowski,  Pfliiger's  Arehiv,  Bd. 
5,  p*  835. 

*  Scholtzen  and  Naonyn,  Beiohert  u.  Dn-Bois  Beymond's  Arehiv,  1867,  Heft  3. 
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This  acid  possesses,  in  the  anhydrous  condition,  a  specific  rotatory  power 
of  +  50®  for  yellow  light :  when  it  crystallises  with  H,  O,  the  rotation 
Ib  +  35^  The  rotatory  power  of  the  alkali  salts  are  always  less  than  the 
above,  and  when  in  solution  in  alcohol,  the  rotation  is  independent  of  the 
concentration.  For  the  alcoholic  solution  of  the  sodium  salt^  the  rotation 
is+314®. 

Prepa/raUon,  By  the  decompositions  of  bQe  acids  by  means  of  acids, 
alkalis,  or  fermentative  changes. 

Pettenkofeft'a  test. 

This  well-known  test  for  bile  acids  depends  on  the  reaction  of  cholalic 
acid  in  presence  of  sugar  and  sulphuric  acid.  If  to  a  solution  of  the  add 
a  little  sugar  be  added,  and  then  sulphuric  acid,  keeping  the  temperature 
below  but  not  much  below  70'C,  a  beautiful  reddish  purple  is  obtained. 
This  gives  a  characteristic  spectrum  with  two  absorption  bands,  one  be- 
tween D  and  E^  nearest  to  E^  the  other  dose  to  i^  on  the  red  side  of  F, 

Proteids,  and  other  bodies  easily  decomposed  by  sulphuric  acid  such 
as  amyl-alcohol,  give  a  similar  colouration,  and  the  reaction  is  much  im- 
peded by  the  presence  of  colouring  matters  ^ 

Glycocholic  acid.     Q^  H^^  NO^. 

This  is  the  principal  bile-acid  of  ox-gall;  it  is  also  present  in  the  bile  of 
man,  but  has  so  far  not  been  observed  in  that  of  camivora.  In  Icterus^ 
the  urine  may  contain  traces  of  this  acid. 

It  crystallises  in  fine,  glistening  needles.  These  are  slightly  soluble  in 
cold  water  ]  readily  so  in  hot  water  and  alcohol;  insolttble  in  sether.  They 
possess  a  bitter  and  yet  sweet  taste,  and  a  strong  acid  reaction. 

The  salts  of  this  acid  are  readily  soluble  in  water  and  crystallise  well. 
The  salts,  as  well  as  the  free  acid,  exert  right-handed  polarisation  amounting 
to  -I-  29-0°  for  the  acid,  and  -k-  25-7°  for  the  sodium  salt,  both  measured  for 
yellow  light. 

Glycocholic  acid  is  a  compound  of  glycin  and  cholalic  acid ;  thus : 
Cholalic  acid.       Glycin.  Glycocholic  acid. 

Prolonged  boiling  with  dilate  mineral  acids  or  caustic  alkalis  decomposes  this  body 
into  glycin  and  cholic  acid ;  if  dissolyed  in  concentrated  snlphoric  acid  and  then 
warmed,  one  molecule  of  water  is  removed,  and  cholonic  acid  obtained,  CKH4JKO5. 
The  barimn  salt  of  this  last  acid  is  insoluble  in  water,  which  fact  is  of  importance, 
since  cholonic  acid  possesses  nearly  the  same  specific  rotatory  power  as  glycocholic. 

*  For  further  information  on  this  subject  see :  Bischoff,  ZeiUchr.  /.  raU  Med.  Ser. 
3,  Bd.  21,  p.  126.    Schenk,  Anatom,  physiol.  Untersuch,  Wien,  1872,  p.  47. 
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Preparation,  From  ox-gall,  by  evaporating  to  a  syrup,  decolorising 
with  animal  charcoal,  extracting  with  strong  alcohol,  and  precipitating  by  a 
large  excess  of  sether.  Its  separation  from  taurocholic  acid  depends  on  the 
precipitation  of  its  solution  by  normal  lead  acetate. 

Taurocholic  add,     C^  H45  NSO^ 

Occurs  also  in  ox-gall,  but  is  found  especially  plentiful  in  human  bile 
and  that  of  camivora. 

It  has  not  yet  been  obtained  in  the  crystalline  form*,  although  its  salts 
crystallise  readily.  When  dried  it  is  an  amorphous  powder,  with  pure 
bitter  taste,  easily  soluble  in  water  and  alcohol,  insoluble  in  aether.  All 
its  salts  are  soluble  in  water,  and  are  precipitated  by  basic  lead  acetate  only 
in  the  presence  of  free  ammonia.  The  sodium  salt  dissolved  in  alcohol 
has  a  specific  rotatory  power  of  +  24*5®;  if  dissolved  in  water  this  rotation 
is  less,  and  in  this  respect  it  resembles  glycocholic  acid. 

This  acid  is  far  more  unstable  than  the  preceding  one,  being  decom- 
posed if  boiled  with  water.  The  products  of  decomposition  are  taurin  and 
cholalic  acid. 

Taurocholic  acid  is  a  compound  of  taurin  and  cholalic  acid;  thus: 

Cholalio  acid.       Taurin.  Tanrooholio  acid. 

Ca,H^05  +  CaHyNOjS  -  H,0  =  C«H^NO^. 

Freparaiion,  From  the  gall  of  dogs  by  a  process  similar  to  that  for 
glycocholic  acid.  It  is  separated  from  traces  of  this  latter  and  from  cholic 
acid  by  preparation  with  basic  lead  acetate  and  ammonia. 


The  Indioo  Series. 
Indican, 

There  often  occurs  in  the  urine  and  sweat  of  men  and  animals  a  certain 
substance  which  has  not  yet  been  satisfactorily  isolated,  but  which  yields 
by  the  action  of  acids  the  blue  colouring  matter  indigo  as  one  product  of 
the  decomposition.  A  similar  substance  is  found  in  several  plants  (Indigo- 
fera,  Isatis),  and  the  two  have  been  considered  identical;  in  the  present 
state  of  information  on  this  subject  it  cannot  with  certainty  be  stated 
whether  this  is  so  or  not.  For  its  preparation  and  quantitative  determina- 
tion see  Jaff(§,  Arch./,  d,  ges.  Fhydol  iii.  p.  448;  also  Schunk,  FhU,  Mag, 
Vol  X.  p.  73,  XIV.  p.  228,  xv.  p.  29,  117,  183.  Ghem,  CerUralb.  1856, 
p.  50,  1857,  p.  957,  1858,  p.  225. 

It  is  always  estimated  by  conversion  into  indigo. 

^  Neubaaer  a.  Yogel,  Ham-Analyte,    Ed.  m,  p.  97. 
F.  P.  « 
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Abxbbjltion,  spherical,  of  the  eye,  410 

Absorption  by  the  skin,  316 

Absorption  of  fat,  proteids,  and  products 
of  digestion,  244,  250 

Absorption  of  food  by  diffusion,  250 

Accelerating  fibres,  94 

Accelerator  nerves,  148, 153, 177 

Accommodation,  power  of,  in  the  eye,  391 

Acetic  acid,  600 

Aehroodextrin,  185,  339 

Acid-albumin,  575,  591 

Acidity  of  urine,  319 

Acids,  decomposition  of  proteids  by,  588 

Acids  in  perspiration,  313 

Acoustic  appiuratus  of  the  ear,  449 

Adamxjk  on  the  brain,  514 

Adipose  tissue  (See  Fat) 

Afferent  impulses,  90,  147,  471 ;  of  vaso- 
motor action,  160, 163, 164, 165 ;  of  de- 
glutition, 230 ;  in  respiration,  289 ;  in 
micturition,  328 ;  nerves  conveying,  389 

After-images  of  vision,  426 

Air,  tidal,  stationary  and  residual,  in  re- 
spiration, 254 ;  its  changes  in  respira- 
ration,  264,  302 

AuLDOFF  on  diabetes,  338 

Albebtoni,  the  brain,  505 

Albumin,  action  of  gastric  juice  on,  190 

Albumins,  573,  590 

Albuminates,  575 

Alimentary  canal,  183;  changes  of  food 
in  the,  237 

Alimentary  mechanism,  7 

AlkaU-albumin,  577,  591 

Alkaline  urine  of  herbivora,  320 

Allantoic  vessels,  547 

.\Uantoin,  617 

Ammonia  in  expired  air,  266 

Amcebsd,  properties  of,  1,  86,  224,  247,  345 

Amylolytic  action  of  pancreatic  juice,  199 ; 
of  saliva,  185, 186,  221 

Amylolytic  ferment,  222 

Analyses,  of  perspiration,  812;  of  the 
composition  of  the  animal  body,  355, 556 

Anelectrotonus,  61,  62,  66 

Animal  body,  chemical  basis  of  the,  571 

Antipeptone,  202 

Antiperistaltic  action,  230 

Anus,  233 

Aorta,  pressure  in,  122 

Aortic  valves,  123 

Apncsa,  229,  294,  306 

Appreciation  of  apparent  size,  434 

Arterial  blood.  267,  276,  280,  282,  288, 
286,  293,  297 

Arterial  pulse  (See  Pulse) 


Arteries,  84,  98,  103,  107,  109, 110 ;  con- 
tractility and  dilation  of,  154,  207,  215 ; 
renal,  321 

Artificial  diabetes,  837 

Ascending  aorta,  pulse  wave  in,  135 

Asphyxia,  229,  259,  289,  293, 802,  308 

Aspirates  (voice)  534 

Astigmatism,  410 

Atropin,  its  effects,  145,  280,  324,  408 

AuBEBT  on  cutaneous  respiration,  313 

Auditory  sensations,  452 

AuBBBAOH,  nervous  plexus  in  the  in- 
testines, 90 ;  peristaltic  movements  in 
digestion,  228 

Augmenting  fibres,  94 

Auricles,  blood-pressure  in^  119 

AuriculO'Ventricular  valves,  122 

Automatic  action;  2,  86,  88,  90,  147;  of 
the  heart,  159;  of  peristaltic  move- 
ments, 228 ;  of  the  respiratory  centre, 
289 ;  the  spinal  cord  as  a  centre  of  this 
action,  478 

Automatic  tissues,  5 

Axillary  artery  of  the  tortoise,  its  con- 
tractility, 155 

Bacteria,  242,  244 
Balogh,  cerebral  convolutions,  504 
Banting's  dietetic  system,  364 
Bat,  movement  of  veins  in  its  wing,  155 
Baubb,  absorption  of  products  of  diges- 
tion, 244 
Baxt,  cardiac    accelerator   nerves,   149; 

velocity  of  nervous  impulses,  394 
Beat  of  ihe  heart  {See  Heart-beat) 
Beaumovt,  Dr,  researches  on  digestion,  252 
Becher,  on  respiration,  265«  2i82,  288 
Beckeb,  mechanism  of  salivary  secretion, 

213 
Bed-sores,  381 
Bees,  temperature  of,  872 
Behaviour  of  brainless  animals,  471,  489 
Bell,  Sib  Chas.,  roots  of  spinal  nerves, 

390 ;  motor  and  sensozy  fibres,  525 
Benzoic  acid,  621 

Bebnabd,  Claude,  on  the  'internal  me- 
diunit*  11 ;  section  of  the  cervical  sym- 
pathetic, 169,  179;  pancreatic  juice, 
199 ;  secretion  of  saiiva,  207 ;  mechan- 
ism of  digestive  secretion,  206,  218; 
digestion,  240,  243,  2(^2 ;  hiemoglobin, 
278;  cutaneous  secretion,  815;  glyco- 
gen, 331 ;  thermogenic  and  frigorific 
nerves,  379 ;  olfactory  organs,  459 
Bebnocllx's  model  of  respiratory  mov»> 
meats,  261 

Aft— n^ 
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Bernstein,  on  nerye-onrrents,  60 ;  mas- 
colar  contraction,  54,  69 

Bernbtein,  N.  O.,  pancreatic  jnice,  198, 
204,  216 

Beroe,  muscular  fibre  in,  32 

Bebzeuub,  researches  on  digestion,  252 

BiCHAT,  on  death,  567 

Bidder  and  Schmidt,  on  digestion,  241, 
252 ;  on  nutrition  and  starvation,  357, 386 

Bidder,  nerves  of  the  submaxillary  gang- 
lion, 209 

Bile,  183,  195—198,  its  colour,  196,  con- 
stituents, pigments,  195,  224 ;  bile-salts, 
196,  624;  action  on  food,  197 ;  secretion 
of,  215,  223  ;  its  effect  on  fat,  241 ;  in 
the  foetus,  549 

Bilirubin,  30,  195 

BiUverdin,  196 

Binocular  vision,  446 

Birds,  brainless,  their  behaviour,  491,  517 

Birds,  uric  acid  in,  353 

BiscHOFF,  on  nutrition  and  starvation, 
357,  386 

Blaok^s  discovery  of  carbonic  acid  in  air, 
310 

Bladder,  327 

Blaoden,  Dr,  effects  of  heat,  375 

Blastoderm,  547 

Blind  spot,  429,  434 

Blood,  6,  11—31;  its  chemical  composi- 
tion, 12  ;  coagulation,  14  ;  fibrin,  15 ; 
fibrinoplastin  and  fibrinogen,  18;  fibrin- 
ferment,  20;  influence  of  the  living 
blood-vessels,  22 ;  sources  of  the  fibrin- 
factors,  24;  history  of  the  corpuscles, 
27 ;  quantity  and  distribution  of  blood 
in  animals  and  man,  31 ;  velocity  of  flow ; 
Volkmann's  hoDmadromometer,  103 ; 
Ludwig's  stromuhr  (diagram)  104 ; 
Vierordt's  haematachometer,  105 ;  sugar 
in,  250 

Blood,  changes  in  quantity  and  quality, 
174 — 179 ;  effect  of  its  condition  on 
peristaltic  movements,  229 ;  respiratory 
changes  in  it,  267  ;  relations  of  oxygen 
in  the  blood,  268 ;  colour  of  arterial 
and  venous,  276;  effect  of  respiration, 
280,  283,  293;  relations  of  carbonic 
acid  and  nitrogen  in  blood,  280,  281 

Blood,  circulation  of  the,  96— -179 

Blood,  in  menstruation,  642 

Blood,  of  the  foetus,  548,  560 

Blood-pressure,  99 — 179  ;  apparatus  for 
investigating  (diagram),  100  ;  endo- 
cardiac  pressure;  Fick's  manometer, 
curves  of  pressure  in  cavities  of  heart, 
left  ventricle  and  aorta  (diagrams),  120, 
121,  122  ;  its  relation  to  heart-beat,  150, 
163 ;  effect  of  bleeding  and  injection  of 
blood,  175,  210,  294;  in  asphyxia,  304; 
in  secretion  of  urine,  321 

Blood -supply,  its  influence  on  muscular 
contraction,  74,  77 

BocHEFONTAiNE,  ccrcbral  convolutions, 
504 

Boll,  visual  purple  of  the  retina,  414 


Bone,  4,  7 

Bones,  broken,  641 

Bowman,  on  renal  secretion,  324 

BoTLE,  on  respiration,  541 

Brachial  plexus,  section  of,  166, 167 

Brain,  the,  and  automatic  reflex  action  in, 
94;  pulsation  of  the,  296;  kreatin  in, 
849;  a  source  of  heat,  373;  its  fano- 
tions,  489 — 526;  cerebral  convolutionB 
in  the  dog  and  man  (diagrams),  501, 
602,  503;  effects  of  stimalation  ci^  554; 
growth  of  the,  661 

Brainless  animals,  behaviour  of,  471,  478, 
489 

Bread  {^See  Dietetics,  Kutrition) 

Breathing  (See  Bespiration) 

Breuer,  respiratory  action  of  yagos,  290 

•Bright 'colours,  427 

Brodie,  bodily  heat,  377 

Brown-Sbquard,  vascular  mechanism, 
179  ;  on  the  spinal  eord,  483 ;  cerebral 
convolutions,  604 

BRiJCKE,  on  blood-dotting,  22,  24;  semi- 
lunar valves  of  the  heart,  123 ;  digestion 
of  starch,  185 ;  peptone  and  pepsin,  193, 
202,  221  * 

•  Buffy  coat '  in  blood,  15 

BuNOE,  hippuric  acid,  364 

BuscH,  movements  of  the  stomach,  233; 
digestion,  241 

Butyric  acid,  601 

CsBCum,  243 

Calcareous  degeneration,  662 

Campbell,  pigments  of  bile,  196 

Capillary  circulation,  97, 106,107,109,179; 
clianges  in  peripheral  resistance,  171  - 
174 ;  blood-pressure  in  renal  secrelion, 
321 

Caproic  acid,  601 

Carbohydrate  food,  effects  of,  363 

Carbohydrates  in  the  human  body,  595 

Carbolic  acid,  622 

Carbonic  acid,  in  expired  air,  254, 265, 266, 
267;  in  the  blood,  268;  exit  from  bloi>l 
282 ;  in  the  tissues,  285 ;  effects  of  ex- 
cess of,  295,  307 

Cardiac  impulse,  115,  127 

Cardiac  muscles,  83 

Cardiac  sound,  for  measuring  blood-pres- 
sure (diagram),  117 

Cardiograph,  115,  139 

Cardio-inhibitory  centre,  147, 151, 177 

Camin,  618 

Carnivorous  animals,  nutrition  of,  865 

Carotid  artery,  blood-pressure  in,  99,  102 

Cartilage,  5,  7 

Cartilages  of  the  ribs,  their  action  in  respi- 
ration, 261 

Cartilages,  nasal,  264 

Caryille,  on  the  brain,  514 

Casein,  345,  578 

Cat,  saliva  of,  187;  blood-crystals,  271; 
perspiration,  315,  316;  composition  of 
bo4y,  356 

Gells^  migrating,  84 ;  ectodennic  and  en- 
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dodermio,  85;   epitheliam,  of  alimen- 
tary oanal,  183 

Cellulose,  184 

Central  nervooB  mechanism,  8,  87 

Centres  of  organic  fonctions  in  medulla 
oblongata,  520 

CsBADiNi,  on  yalvea  of  the  heart,  124 

Cerebellum,  517 

Cerebral  actions,  rapidity  of,  521 

Cerebral  convolutions  of  the  dog  and  man 
(diagrams),  501,  502,  503 

Cerebrin,  610 

Cervical  sympathetic,  section  of  the,  167 

Chapebon,  spinal  cord,  475 

Chauveau,  instrument  for  measuring  blood 
pressure,  106, 116 ;  movements  of  the 
cesophagus,  231 

Chemical  Action,  tissues  of,  183 — 310; 
Digestion,  183--252;  Respiration,  253 
—310 

Chemical  aspects  of  respiration,  287 

Chemical  basis  of  the  animal  body,  571 

Chemical  changes  in  muscular  contrac- 
tion, 57 

Chemical  changes  in  tissues,  5 

Chemical  composition  of  blood,  12 

Chemical  substances  in  muscle,  32 

Children^  temperature  of,  379 

Chloral,  its  effect  on  cerebral  functions,  163 

Cholesterin  (See  Bile) 

Cholic  acid,  623 

Chondrin,  592 

Chorda  tympani,  stimulation  of  the:  vas- 
cular effects,  166, 167;  secreting  effects, 
212,  222;  thermic  effects,  379 

Chorda  vocales,  527 

Chords  tendinee,  122 

Chromatic  aberration  of  the  eye,  411 

Chyle,  245,  247 

Chyme,  238,  239,  241,  243 

Ciliary  ganglia,  407 

Ciliary  movement,  83 

Ciliary  muscle,  405 

Ciliated  cells,  89 

Circulation  of  the  blood,  6;  96—179; 
effects  of  respiration  on,  295;  in 
asphyxia,  304 ;  in  the  foetus,  550 

Coagulation  of  the  blood,  12, 14 

Coagulated  proteids,  584,  591 

Cochlea,  functions  of,  458 

CoLASANTi,  effect  of  cold  on  guinea-pigs, 
376 

Cold,  effect  of  on  temperature  of  the  body, 
375,  380;  on  rabbits  and  guinea-pigs, 
876,  377 

Colon,  233 

Colour  blindness,  425 

Colour  sensations,  420 

Colour,  'pale,'  'rich,'  *deep,'  'bright,' 427 

Colour  vision,  416,  424 

Colour  of  the  retina,  414 

Colour  of  venous  and  arterial  blood,  276, 
280 

Compensating  action  for  local  disturbance, 
179 

Composition  of  the  animal  body,  856 


Consciousness  and  intelligence,  478 

Consonants,  533 

Constriction  of  arteries  (See  Contraction) 

Contractile  tissues,  31 — 84;  chemical  sub- 
stances in  muscle,  31;  phenomena  of 
muscle  and  nerve,  38 ;  unstriated  mus- 
cular tissue,  82;  cardiac  muscles,  83;' 
cilia,  83;  migrating  cells,  84 

Contractile  tissues,  illustrated  by  the 
pendulum  myograph,  37,  40;  the  mag- 
netic interrupter,  47 

Contractility  of  the  amoeba,  1 

Contraction,  law  of  muscular,  65;  con- 
tractility of  Uood-vessels,  154,  160, 
168,  170,  176 

Contraction  of  the  walls  of  the  stomach, 
232 

Contraction  {See  Muscular  Contraction) 

Contrast,  visual  sensations  of,  433 

Convulsions  in  asphyxia,  302,  303 

Convulsive  centre,  520 

Coordination  of  visual  movements,  440 

Coronary  arteries,  123, 151,  177 

Corpora  Arantii,  123 

Corpora  quadrigemina,  514,  521 

Corpora  striata,  513,  521 

Corpuscles  of  the  blood,  11,  12;  their 
history,  24,  25,  26,  27,  98,  271 

Corpuscles,  inorganic  salts  in,  13 

Corpuscles,  in  inflammation,  172 

Corpuscles,  starch,  184 

Corpuscles,  salivaig^,  183,  210 

Corpus  luteum,  542 

CoRTi,  rods  of,  454 

CoBvisABT,  researches  on  digestion,  352 

Coughing,  309 

Cranial  nerves,  392,  523 

Crassamentum,  or  blod-dot,  15 

Crura  cerebri,  section  of,  158,  519,  521 

Crying,  310 

Currents  (See  Electric  currents.  Nerve 
currents) 

Cxirves,  pulse  (with  tracings),  135, 136 

Curves,  respiratory  (with  tracings),  256 

Cutaneous  respiration,  318 

Cton,  on  vaso-motor  centre,  158 ;  diabetes, 
338;  urea  in  the  liver,  351 

CzEBXAK,  effects  of  chorda  stimulation, 
212 

Danilewbkt,  on  pancreatic  juice,  203 

Dbahna,  on  uran  stimulation,  168 ;  blood- 
pressure,  178 

Death,  489;  death  agony,  perspiration  in, 
815 

Decidua,  546 

Decomposition  of  proteids,  588,  590 

Deen,  Van,  on  the  spinal  cord,  488 

'Deep'  colours,  427 

Defecation,  238 

Deglutition,  225 

Demtsohbnko,  secretion  of  tears,  448 

Denis,  on  coagulation  of  the  blood,  17 

Dentition,  560 

Depressor  nerve,  162 

Derived  pioteida^  591 
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Detroeor  nriniB,  827 
Dextrin,  184,  165,  599 
Dextrose,  596 
Diabetes,  837,  339,  870 
Diabetic  centre,  520 

Diagrams:  of  pendolam  myograph,  87, 40; 
musole-cnrves,  39;  nervons  impulses, 
42 ;  the  magnetic  intermptor,  47 ;  non- 
polarieable  dectrodes,  48 ;  musde-nerve 
preparations,  60,  79;  illustrating  elec- 
trotonns,  61 ;  simplest  forms  of  a  ner- 
vous system,  85 ;  blood-pressure,  99, 116; 
apparatus  for  investigating  blood- 
pressure,  100;  kymograph,  108;  Lud- 
wig^B  stromuhr,  for  measuring  velo- 
city of  flow  oif  blood,  104;  Marey's 
tambour,  with  cardiac  sound,  117; 
Fick*8  spring  manometer,  120;  curves 
of  pressure  in  cavities  of  heart,  121, 
sounds  of  the  heart,  126 ;  pulse-curves, 
183  ;  cardiac  inhibition,  144,  152,  153 ; 
cervical  and  thoracic  ganglia  of  rabbit, 
148;  of  dog,  149;  submax^ary  gland  of 
dog,  207 ;  secretion  of  pancreatic  juice, 
216;  respiratory  movements,  256;  ap- 
paratus for  tiJdng  tracings  of  move- 
ments of  air  in  respiration,  257i  258; 
Ludwig's  mercurial  gas-pump,  269; 
blood-presBure  curves  and  intra-Uioraoio 
pressure,  298;  Purkinje's  figures,  481, 
432;  muscles  of  the  eye-balls,  439; 
the  horopter,  448;  areas  of  spinal 
nerves,  481,  482;  cerebral  convolutions, 
of  the  dog,  501;  of  man,  502,  503;  the 
larynx.  528 
Diaphragm,   its   action,  115,   259,   262, 

288,  291 
Diastole  of  heart,  length  of,  119 
Dicrotic  pulse-wave,  135,  J.36 
Dietetics,  383 

Diet  of  an  animal,  normal,  357 
Digestion,    tissues  and  mechanisms  of, 
7,  183 — 252 ;  saliva,  183 ;  gastric  juice, 
188;  bile,  195;  pancreatic  juice,   198; 
sucous   entericas,    204;     secretion    of 
digestive   juices,  205;    muscular  me- 
chanism, 224 — 237;  changes  of  food  in 
aUmentary   canal,    237;  absorption  of 
products,  244;  decomposition  of  pro- 
teids,  588 
Digestive  secretion,  mechanism  of,  206 
Dilation  of  blood-vessels,  156, 176, 210, 215 
.  Dioptric  mechanisms  of  sight,  397,  410 
Distribution  of  blood  in  the  body,  31 
Diuretic  drugs,  323 
Divers,  respiration  of,  304 
Dock,   on    glycogen,   332;    on  sugar  in 

urine,  339 
Dog,  quantity  and  distribution  of  blood  in 
the,  30;  arterial  pressure,  102,  106, 
163, 298 ;  velocity  of  the  circulation,  112, 
section  of  vagi,  147;  cervical  and  thoraeic 
ganglia  of  (diagram),  149 ;  saliva,  187 ; 
bile,  196;  pancreatic  juice,  198;  sub- 
maxillary gland  (diagram),  207;  vomit- 
ing, 237;  blood-crystals,  271,  282, 283-, 


perspiration,  815;  cerebral  oonTolntions 

(diagrams),  501 
DoGiEL,  on  blood-cixcnlatioiiy  106;  sonndi 

of  the  heart,  127 
DoNDEBS,  length  of  the  cardiac  systole, 

119,  130;  pulse- waves,  183;  inMbition 

of  heart-beat,  144;  lung-pressure,  255 ; 

movements  of  the  eye-balls,  487;  the 

rapidity  of  mental  operationB,  522 
Double  pulse,  187 
Drowning,  304 
Du-Bois  Bbtmond,  pendulum  myograpli, 

88;  on  muscle-currents,  52;  musenlar 

contraction,  53 ;  muscle  and  nerve,  78, 81 
Duchenne's  experiments  on  respiratory 

movements,  261 
Dumas,  on  nutrition,  341 
Duodenum,  230,  231,  236,  240 
Durham,  sleep,  564 
Dyspepsia,  563 
I^speptone,  202 
Dyspnoea,  259,  289, 293,  295,  302, 303, 308 

Ear,  the,  450 

Ebstein,  on  pepsin,  220 

EcKHARD,  nervi  erigentes,  165 ;  action  of 
submaxillary  gan^on,  208 ;  on  secretion 
of  saliva,  214;  diabetes,  338;  morphia 
diabetes,  339;  spinal  cord,  479;  cerebral 
convolutions,  504 ;  the  cerebellum,  519 

Eotodermio  cells,  85 

Edgren,  movements  of  the  pupil,  407 

Edwabds,  W.,  respiratory  ohsoigeSy  265, 
286,  310 

Eel,  caudal  vein,  155;  iris,  406;  oontne- 
tion  of  the  pupil,  406 

Efferent  impulses  in  secretion  of  saliva, 
90,  210;  vomiting,  235;  in  reflex  actioD, 
472 

Egg-albumin,  573 

Elastin,  594 

Electric  currents  of  nerve  and  muscle,  48, 
79 

Electrodes,  non-polarisable,  illustrating 
nerve-currents  (diagram),  48 

Electrotonus,  59—65,  78 

Emetics,  effect  of,  237 

Emminohaus,  movements  of  chyle,  249 

Emotions  causing  micturition,  329 

Endo-cardiac  pressure,  115;  Pick's  spring 
manometer,  120 ;  curves  of  pressure  in 
cavities  of  heart,  121 ;  in  left  ventricle 
and  aorta,  122 

Endodermic  cells,  86 

Energy  of  the  body  (income  and  expendi- 
ture), 369 ;  muscular,  368 

Engelmann,  on  muscle-currents,  63 ;  auto- 
matic action  of  ureter,  90;  ciliary  move- 
ment in  the  frog,  84;  peristaltic  move- 
mefits,  230 

Entoptic  phenomena  of  sight,  412 

Epiglottis,  226 

EpitheUum  cells,  183,  205,  211,  247,  324, 
326,  345 

Erect  posture,  536 

Et^ot)  its  effect  on  peristaltic  action,  230 
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EBisxAinY,  on  eutaneoos  seoretiony  815 

Eractation,  239 

Erythrogranulose,  185 

EsTOB,  seat  of  oxidation  in  respiration, 

284 
Eostaohian  tnbe,  451 
Excretion  of  urine,  317;  of  milk,  344;  of 

nitrogen  in  mosoolar  exercise,  370  {See 

Defsecation,  Micturition) 
Excretory  tissues,  4,  5 
Exhaustion,  muscular,  76 
ExNER,  on  reflex  actions,   478;   on  the 

rapidity  of  mental  operations,  521 
Expiration,  254,  258 ;  moTements  in,  262, 

288,  297,  301 
Explosives  (voice),  534 
Extractives  in  muscular  tissues,  34 
Eye,  the,  (See  Sight) 
Eye-halls,  movements  of  the,  437,  514 

Facial  respiration,  264 

Fsces,  235,  243 

Fainting,  147 

Fallopian  tubes,  542,  545 

Falsetto  voice,  531 

Fat,  history  of,  340,  356 

Fat  of  milk,  344 

Fats,  their  derivatives  and  allies,  599 

Fats  in  serum,  12;  action  of  bile  on,  198; 
of  pancreatic  juice,  203;  digestion  of, 
238,  240,  241,  250 

Fatty  degeneration,  562 

Fat^  food,  effects  of,  363,  364,  384 

Fauces,  225,  226,  236 

Fbchnbb^b  formula  of  visual  sensations, 
418 

Feeling  and  Touch,  462 

Ferment,  amylolytic,  222 

Ferments,  organized  and  unorganized, 
186;  saliva,  186;  gastric  juice,  193;  of 
pancreatic  juice,  199,  219;  in  the  sxnall 
intestine,  242 

FxBNST,  on  respiration,  310 

FxBBixB,  on  the  brain,  506,  512, 516,  517; 
cerebral  convolutions  of  the  dog  and 
man  (diagrams),  501,  502,  503 

Fibrin,  12,  15,  16,  19,  24,  81, 190, 192, 
199,  581,  591 

Fibrinogen,  581 

Fibrinoplastin,  12,  580 

FxcK,  on  blood-circulation,  119,  121; 
spring  manometer  (diagram),  120;  pres- 
sure in  cavities  of  heart  (diagram),  121 ; 
nrea  and  muscular  exercise,  369;  musdea 
of  the  eye-balls,  440;  spinal  cord,  488 

Flatulency,  239 

Fleisohl,  nervous  irritability,  71 

Floubens,  on  the  respiratory  centre,  289 ; 
on  the  brain,  515 

Foetus  {See  Embnro) 

Food,  action  of  bile  and  panoreatio  juice 
on,  197, 198 

Food,  fattening  diet,  364;  potential  energy 
of  food,  367,  883 

Food,  glycogen  produced  by,  832,  885 

Food,  its   effect  on  the  stomach,  232; 


absorption  by  diffusion,  250;  effects  of 
carbohydrate,  363 

Food,  its  changes  in  the  alimentary  canal, 
237 

Food,  tissues  and  mechanisms  of  diges- 
tion, 183—252 ;  changes  of  food  in  the 
alimentary  canal,  237;  absorption  of 
products  of  digestion,  244 

Force  of  heart-beat,  130 

FoBDYCE,  Dr,  effect  of  heat,  375 

Formic  acid,  600 

Fbanklamd,  on  the  potential  energy  of 
food,  367 

Frequency  of  heart-beat,  130 

Fberiohs,  on  digestion,  252 

Freusbebo,  on  reflex  actions,  477 

Frigorific  nerves,  379 

Fbitsch,  cerebral  convolutions  of  the  dog 
(diagram),  501 

Frog,  experiments  on  the;  blood,  26; 
nerves,  33,  35,  36,  50,  71,  73,  91;  tho 
rheoscopic  frog,  50,  52;  muscle  cur- 
rents, 52;  ciliary  movement,  84;  lymph- 
atic heart,  89,  93;  circulation  in  web 
of  foot,  97;  heart,  141,  142,  143,  147; 
contractility  of  arteries,  154, 155 ;  blood- 
vessels, 172 ;  capillary  circulation,  179 ; 
cutaneous  respiration,  313 ;  contraction 
of  the  pupil,  406 ;  visual  purple  in,  416 ; 
spinal  cord,  471,  487 ;  l^ph  heart,  479 

Frog,  brainless,  its  behaviour,  471,  489 

Functional  activity,  its  influence  on  mus- 
cular irritability,  76 

FuNKE,  on  succus  entericus,  204 ;  sugar  in 
blood  and  urine,  250 ;  respiration,  301 ; 
quantity  of  perspiration,  312 

Galabin,  Dr,  diagrams  of  pulse-curves, 

135, 136 
Galvanic  current,  its  effect  on  muscular 

contraction,  68 
GangUa,  89,  93,  143,  146,  228,  232,  391 ; 

cervical  and   thoracic,  of  rabbit  and 

dog  (diagrams),  148, 149 
Gabbod,  on  pulse-waves,  134 ;  heart-beat, 

177 ;  quantity  and  flow  of  blood,  177 
Gases,  in  eructation,  239;  in  the  large 

intestine,  243 ;  in  the  blood,  267 
Oases  in  urine,  319 
Gases,  poisonous,  respiration  of,  307 
Gas-pump,  mercurial,  Ludwig's  (diagram), 

269 
Gaskell,  W.  H.,  contraction  and  dilation 

of  arteries,  167 
Gastric  juice,  183, 188,  214, 238 ;  artificial, 

189,  557 
Gastric  compared  with  pancreatic  diges- 

tion,  201 
Gelatin,  598,  as  food,  365 
Gbblach,  on  cutaneous  respiration,  813 
Gestation,  553 
Giddiness,  497 
Gilbbbt  and  Lawxs,  on  the  formation  of 

fat,  341,  363 
Glands,  submaxillary,  secretion  of  saliva, 

206 ;  submaxillary  of  do^  (^daQ:miL\2^\ 
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gastric,  220;  Balivary,  221;  of  rabbit, 
222;  secreting  sweat,  314;  mammary, 
344 ;  lachrymal,  Meibomian,  447 
Glisson,  on  mascnlar  contraction,  36 
Globin,  278 
Globulin,  in  mnscnlar  tissue,  and  saliya, 

33, 184,  279,  579,  691 
Glomeruli,  renal,  321 
Glottis,  its  action  in  respiration,  264, 289, 
528 ;  contractions  of  the  (diagram),  528 
Glutin,  593 
Glycerine,  604 

Glycerinphosphorio  acid,  607 
Glycocholic  acid,  624 
Glycin,  619 

Glycogen,  330,  549,  598 
Gmelin,  researches  on  digestion,  252 
GoLTz,  on  yaso-motor  actions,  159,  168 ; 
movements  of  the  oesophagns,  230,  233 ; 
defflBcation,  233,    234 ;  movements  of 
lymph,  249;  micturition,  328;  reflex 
actions,  477 ;  lymph-hearts,  479 ;  the 
cerebral  convolutions,  526;  menstraa- 
tion,  544 ;  impregnation,  545 
Goose,  bile  of,  196 ;  blood-orystals,  272 
Graaffian  follicle,  542 
Grannlose,  185 
Gbehaitt,  on  urea,  350 
Grey  matter  of  the  spinal  cord,  486 
Growth,  phases  of  life,  561 
Grutzner,  on  pepsin,  220 
GscHEiDLEN,  on  tho  colouring  power  of 
blood,  31 ;  on  the  origin  of  urea,  350, 
351 
Guanin,  618 

Guinea-pig,  saliva  of  the,  187 ;  blood  crys- 
tals, 271 ;  effect  of  cold  on,  376 
Gustatory  buds,  460 

Gteboyai,  absorption  of  proteids  in  di- 
gestion, 250 

Haberman,  on  proteids,  690 

Hasmadromometer  of  Yolkmann,  for  mea- 
suring blood-pressure,  103 

Hffimatachometer,  for  measuring  blood- 
pressure,  105 

Haematin,  278,  279 

Hiematoidin,  29 

Haemoglobin,  13,  21, 29,  223, 271,  278,  281 

Haemorrhage,  effects  of,  on  vascular  me- 
chanism, 174 

Haerlin,  on  paralbumin,  675 

Hales,  Dr  Stephen,  circulation  of  blood, 
99,  179 

Halford,  sounds  of  the  heart,  127 

Haixeb,  on  muscular  contraction,  36 ;  on 
physiology  of  muscle  and  nerve,  81 ; 
respiratory  movements,  261 

Hamberoer's  model  of  respiratory  move- 
ments, 261 

Hammarsten,  coagulation  of  blood,  21 ; 
gastric  juice  in  new-bom  animals,  567 

Hearing,  449 

Heart,  the,  113 — 131 ;  phenomena  of  the 
normal  beat,  113 ;  curves  of  pressure 
in  cavities  of  heart,  121 ;  mechanism  of 


the  Talves,  122;  soimds  of  the  hairt, 
126 ;  its  faUure  before  death,  567 
Heart-beat,  89,  90 ;  normal,  96,  99,  102, 
109,  110,  113,  122;  rariations  in,  129, 
140—153,  305,  321,  549 
Heart-murmurs,  127 
Heart  of  the  babe,  557 
Heart  of  the  frog,  93 
Heat,  loss  of  energy  from,  868 
Heat,  sources  and  distribution  oi^  872 
Heat,  varying  production  of,  875 
Hedgehog,  blood-crystals  of  the,  272 
Hexdenhain^  on  pancreatic  digestion,  200 ; 
mechanism  of  digestive  secretion,  206, 
213 ;  researches  on  digestion,  252 ;  on 
renal  secretion,  325 ;  on  nutrition,  370; 
bodily  heat,  378,  379;   lymph-hearts, 
479 
Helleb,  movements  of  chyle,  248 
Helmholtz,  on  muscular  contraction,  58 ; 
velocity  of  nervous  impulaes,  81 ;  loss 
of  energy  from  heat,  373 ;  dioptric  me- 
chanisms, 413 ;  colour  sensations,  423 ; 
the  horopter,  443;  vision  and  mosicai 
sounds,  470 
HsLMoirr,  Van,  on  oarbonio  aoid  gas,  310 
Hemipeptone,  202 
Hensen,  on  auditory  hairs,  455 
Hepatic  artery,  and  the  secretion  of  bile, 
223;  hepatic  cells,  4,  228,  224,  330, 336 
Herbivorous  animals,  nutrition  of,  365 
Hebino,  respiratory  action  of  vagus,  290; 
nervous  mechanism  of  respiration,  393; 
colour  sensations,  424;   sensations  of 
temperature,  465 
Hermann,  on  muscular  contraction,  53; 
rigor  mortis,  and  electrical  theory  of 
muscle,    74,    79,    81;    respiration   of 
muscle,  81 
Herzen,  inhibition  of  reflex  action,  474 
Herzenstein,  secretion  of  tears,  448 
Heynsius,  pigments  of  bile,  196 
Hiccough,  309 
Hippuric  acid,  354 

HiBscH,  on  the  personal  equation,  522 
HiRSCHMANN,  ou  visual  sensations,  419 
HiTziG,  on  the  cerebral  convolutions  of 
the  dog  (diagram),  501,  504;  cerebel- 
lum, 617;  vertigo,  518 
HiiASiwiTZ,  on  proteids,  590 
Holmgren,  movements  of  the  pupil,  407, 
409;    electric    currents    of    the   optic 
nerve,  413 
Hook,  on  artificial  respiration,  310 
Hoppe-Seyler,  on  the    composition  of 
blood,  12,  13,  14;  on  bile,  197;  bemo- 
globin,  280 ;    respiration,   310;  nutri- 
tion, 362 ;  analysis  of  proteids,  672 
Horopter,  the,  443 

Horse,  blood-circulation  in  the,  19,  23, 
25,  26,  99,  102,  106,  111,  116,  119; 
saliva,  187,  238 ;  blood-crystals,  371 ; 
locomotion,  638 
HoRVATH,  death  from  extreme  heat,  380 
Houokqeest,  Van  Braam,  peristaltic  ac- 
tion, 229 
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HtfFNXB,  on  influence  of  bacteria  in  diges- 
tion, 201 

HuTCHiMBON,  Tital  capacity  of  the  longs, 
255 

HuxLET,  blood  corpuscles,  28 

Hydra,  82,  85 

Hydraulic  principles  of  blood  circulation, 
107 

Hydrozoa,  ciliary  movement  in,  84,  86 

Hydruria,  or  excessive  renal  secretion,  322 

Hyperpnoea,  302 

Hypoglossal,  vaso-motor  action  of  the,  156 

Hypozanthin,  348,  617 

Deo-cfiBcal  valve,  230,  233,  243 

Impregnation,  545 

Impulses,  nervous,  86;  efferent  and  af- 
ferent, 90;  afferent,  389;  conduction 
of  by  the  spinal  cord,  483 ;  nervous,  in 
respiration,  289 ;  sensory  and  motor,  95 

Income  and  outcome  of  diet,  358 

Income  of  energy,  366 

Incontinence  of  urine,  329 

Indioan  in  urine,  319,  625 

Indigo,  626 

Indigo-carmine,  excretion  of,  325 

Indol,  201 

Induction-machine,  45;  induction-shock, 
effects  of,  39,  58,  67,  68,  77,  144 

Inert  layer  in  capillary  circulation,  98 

Infants,  temperature  of,  379 

Inflammation,  its  effects,  172,  381 

Infusoria,  oiliaiy  movement  in,  84 

Inhibition,  93 ;  of  heart-beat,  144—153, 
176 ;  of  peristaltic  action,  229 ;  of  saliva, 
214 ;  of  reflex  action,  474 ;  parturition, 
554 

Injection  of  blood,  effects  of,  175 

Inosit,  598 

Insensible  perspiration,  312 

Inspiration,  mechanics  of,  254,  258,  259 ; 
nervous  mechanism  of,  288 ;  effects  on 
circulation,  297 ;  in  asphyxia,  302 

Integration  of  fundamental  tissues,  6 

Intercostal  muscles,  their  action  in  respi- 
ration, 261,  263 

Intestme,  large,  233,  243 

Intestine,  small,  227,  240 

Irradiation  of  visual  sensations,  433 

Irritable  tissues,  5,  6 

Irritability  of  nerve  and  muscle,  82,  35, 
36,  64,  72,  75 

Isthmus  faudum,  225,  226 

Jaborandi,  its  effect  on  heart-beat,  145 
Jacobson,  on  blood-pressure,  106 
Jaftb,  urobilin  in  urine,  30;  pigments  of 

bile,  196 
Jaundice,  224 

Jones,  Whabton,  blood-corpuscles,  28 
JiJDELL,  composition  of  red  corpuscles,  18 
Judgments,  visual,  444 ;  auditory,  457 ; 

tactile,  466 
Juices,  digestive,  183—224 
Jumping,  582 


Eatelectrotonus,  61,  62,  64,  65 

Eekmerich,  on  the  secretion  of  milk,  845 

Eexdal,  on  cutaneous  secretion,  315 

Kendall,  vaso-motor  action,  168, 169 

Keratin,  594 

Kidneys,  secretion  by  the,  317 — 329,  350 

Klein,  origin  of  white  blood-corpuscles, 
29 

Knock,  bodily  heat,  379 

Knoll,  on  the  corpora  quadrigemina,  514, 
516 

Kohlsohutteb,  sleep,  565 

KoLLiKEB,  red  corpuscles,  28,  29 ;  succus 
entericus,  204 

KoRNER,  on  uterine  contractions,  555 

Kreatin,  kreatinin,  348,  349,  615,  619 

Kboneckeb,  on  muscular  contraction,  67, 
78 ;  functional  activity  of  muscles,  77 

KiJHNB,  on  the  chemistry  of  muscle,  34, 
82 ;  gastric  juice,  194 ;  pancreatic  juice, 
199;  proteids,  201,  203;  mechanism  of 
saUvaiy  secretion,  213;  secretion  in  the 
pancreas,  218;  visual  purple  of  the 
retina,  415 

KuPFFEB,  on  endings  of  nerves  in  sali- 
vary glands,  212 

KxJBscHNEB,  on  heart-beat,  114. 

Kymograph  for  recording  arterial  pres- 
sure (diagram),  103 

Kynurenic  acid,  618 

Labour,  loss  of  energy  by,  368 

Labour-pains,  554 

Laboured  respiration,  254,  259,  262,  263, 
288 

Lachrymal  glands,  447 

Lacteals,  246 

Lactic  acid,  605 

Lactose,  597 

Laobanob,  on  respiration,  810 

Landois,  on  blood-circulation,  119 ;  pulse- 
waves,  134 ;  cerebral  convolutions,  504 

LANOENnoar,  inhibition  of  reflex  action, 
475 

Langlbt,  salivary  secretion,  218 

Lardaoein,  589,  591 

Laryngeal  nerve,  superior,  in  respiration, 
291 ;  in  voice,  530 ;  inferior,  in  respira- 
tion, 292  ;  in  voice,  580. 

Laryngeid  respiration,  264 

Laryngoscope,  264 

Larynx,  225,  528;  diagramfl  of  the,  528, 
532 

Latsohikbkbgxb,  on  urari  stimulation, 
168;  blood-pressure,  178;  respiration, 
801 

Laughing,  810 

Laurosteario  acid,  601 

Lavoisdbb,  on  respiration,  810 

Lawes  and  Gilbbbt,  on  the  formation  of 
fat,  841, 868 

LxA  and  Kuhnb,  seoretion  in  the  pancreas, 
218 

Lecithin,  609 

Lego,  Wiokhax,  on  diabetes,  889 
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lisnwENHOEK,  capillary  droolation,  179 

Levatores  costamm,  262 

LisBEBMANN,  pigmeiita  of  bile,  196 

LiEBia,  on  formation  of  fat,  341;  natri- 
tion.  368,  371,  386 

Life,  the  phases  of,  656 

Lingual  nerre,  156,  206 

LisTEB,  J.,  coagulation  of  the  blood,  22, 
24 ;  vaso-motor  action,  159 

LiBTiNO,  movements  of  the  eye-balls,  438 

Liver,  secretion  of  bile,  222 ;  a  source  of 
sugar,  331 ;  a  source  of  heat,  373 

Locomotor  ataxy,  469 

Locomotor  mechanisms,  536 

LoBTET,  instrument  for  measuring  blood- 
pressure,  106 

LovEN,  constriction  and  dilation  of  arte* 
ries,  164 

LowEB,  on  respiration,  310 

LucHsiNGEB,  vaso-motor  action,  168, 169; 
cutaneous  secretion,  316;  perspiration 
in  the  cat,  316 

LuDWia,  on  blood-circulation,  104,  106; 
sounds  of  the  heart,  127;  vascular 
mechanism,  179 ;  mechanism  of  salivary 
secretion,  213;  peristaltic  action,  230; 
mercurial  gas-pump  (diagram),  269 ;  res- 
piration, 310;  renal  secretion,  825;  tem- 
perature of  submaxillary  gland,  879 

Lumbar  cord,  643,  653 

Lungs,  the:  mechanics  of  pulmonary 
respiration,  264;  elastic  force  of,  255, 
296;  respiratory  changes  in,  281;  loss 
of  heat  from,  374 

Lunula  of  heart-valves,  123 

Lutein,  30 

Lymph,  Lymph- vessels,  Lymphatic  glands, 
29,  32,  246,  247 

Lymph-hearts  of  the  frog,  89,  479 

Lymphatic  system  in  infancy  and  youth, 
659 

Magnetic  interruptor  (diagram),  47 

Magnus  on  respiration,  310 

Majendie,  on  vomiting,  236;  sensory 
nerves,  390 ;  olfactory  nerve,  459 ;  the 
brain,  521 

Malpiohi,  capillary  circulation,  179 

Malpighian  bodies  of  the  kidney,  317,  321 

Mammary  gland,  344 

Manometer  applied  to  blood-circulation, 
99,  101,  120;  to  heart-beat,  144,  151, 
152,  153  (See  Diagrams) 

Marching,  537 

Maret,  on  blood-circulation.  111;  blood- 
pressure,  116,  119;  pulse  waves,  133; 
heart-beat,  151;  Marey's  tambour, 
(diagram)  117,258;  pneumograph,  256; 
locomotion  of  the  horse,  538 

Mastication,  226 

Mayow,  on  changes  of  air  in  respiration, 
265 ;  on  oxygen,  310 

Maxwell,  on  colour- sensations,  421 

Meat  (See  Dietetics,  Nutrition) 

Mechanical  tissues,  5 

Mechanism  of  digestive  secretion,  206 


Meohanisms  of  respiration,  253 — 810 

Mechanisms  of  reproduction,  541 

Meconium,  649 

Medulla  oblongata,  620 ;  cardio-inhibitorT 
centre,  147;  respiratory  centre,  288; 
vaso-motor  centre,  157;  centre  for 
Becretion  of  saliva,  210;  for  deglutition, 
227 ;  for  movements  of  oesophagus  and 
stomach,  230;  for  vomiting,  288;  con- 
vulsive centre,  302;  as  a  centre  of  co- 
ordination in  the  frog,  498;  in  the 
manunal,  477 

Meibomian  glands,  447 

Meissneb,  plexus  of  the  intestines,  90; 
peptic  digestion,  202,  203;  peristaltic 
action  in  digestion,  228 ;  urea  and  mdXei^ 
in  the  liver,  351;  hippuiic  acid,  354; 
peptones,  686 

Menstruation,  642 

Mental  emotions  producing  perspaatu^i, 
316 

Mercurial  gas-pump,  Ludwig,  (diagram) 
269 

Mercuiy  manometer  applied  to  blood- 
oirculaUon,  99,  107,  116,  144,  161  (Su 
Diagrams) 

Metabolic  tissues,  4,  5 

Metabolic  products  in  urine,  320 

Metabolic  phenomena  of  the  body,  330 

Metabolism  of  the  embryo,  648 

Metabolites,  nitrogenous,  610 

Metapeptone,  202 

Meyeb,  Lothab,  on  respiration,  310 

MiCHiELi,  the  cerebral  convolutions,  605 

Micturition,  327,  476 

MiESCHEB,  on  blood-corpuscles,  14;  nn- 
clein,  696;  spinal  cord,  486,  488 

Migrating  cells,  84 

Milk,  299,  300;  action  of  gastric  juice  on, 
191, 194 

Milk-sugar,  697 

Minerals,  action  of  gastric  juice  on,  189 

MoLESCHOTT,  normal  diet  of  man,  358 

Monkey,  cerebral  convolutions,  502 

Morphia  diabetes,  339 

Mosso,  changes  in  the  circulation,  173; 
movements  of  the  cesophagus,  231 

Motor  fibres,  166 

Motor  nerves,  87,  95 

Mouth,  its  action  in  digestion,  233 

Mucin,  692 

Muciparous  cells,  222 

Mucous  glands,  222 

MiJLLER,  J.  J.,  researches  on  respiration, 
283 

MiJLLER,  Worm,  effects  of  bleeding,  174 

MiJLLER,  W.,  changes  of  air  in  respiration, 
283 

MuLLEB,  J.,  on  the  senses,  470;  on  reflex 
actions,  525 

Muscarin,  its  effect  on  heart-beat,  145 

Muscle  and  nerve,  60,  70,  71,  78 

Muscle  currents  in  frog  and  rabbit,  52 

Muscle-curves,  diagrams  of,  39,  44,  45 

Muscles,  32 — 84 ;  chemical  substances  in 
muscle,  32;  glycogen  in,  335;  kreatiu 
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in,  849;  respiratoiy  changes  In,  284; 
phenomena  of  mnsole  and  nerre,  88; 
^mstriated  mosonlar  tissne,  82 ;  oardiao 
mosoles,  83 ;  cilia,  88 ;  migratoiy  cells, 
84 

Mnsoles  of  defsMsation,  288 

Muscles  of  mastication  and  deglntition, 
224,  225 

Muscles  of  micturition,  327 

Muscles  of  respiration,  259,  261,  268,  288 

Muscles  of  the  eye-balls,  439 

Muscles  of  the  fcetna,  549 

Muscles  of  the  larynx,  528 

Muscular  contraction: — shewn  by  the 
pendulum  myograph,  87,  38;  changes 
in  a  muscle  during  contraction,  52; 
electrical  changes,  52;  change  of  form, 
55;  physical  changes,  56;  chemical 
changes,  57;  law  of  contraction,  65; 
droitmstances  affecting  its  amount  aiid 
character,  68 

Muscular  energy,  sources  of,  868 

Muscular  fibre  cells,  86 

Muscular  fibres  in  arteries,  154 

Muscular  mechanisms,  7 

Muscular  mechanisms  of  digestion,  224 — 
287;  of  respiration,  253 — 310;  masti- 
cation, 225;  deglutition,  225;  peristal- 
tic action,  227 ;  movements  of  the  oeso- 
phagus, 230;  of  the  stomach,  232;  of 
the  large  intestine,  288 ;  vomiting,  235 

Muscular  mechanisms,  Special,  527 

Muscular  irritability,  85,  86,  62 

Muscular  sense,  468 

Muscular  sound,  56 

Muscular  tissues,  4 

Musical  sounds,  nature  of,  453 

Myograph,  pendulum  (diagram),  87,  40 

Myosin  in  muscular  tissues,  88,  73,  81, 
581 

Myristic  acid,  601 

Native  albumins,  578 

Nausea,  235 

Negative  variation,  in  nerve-currents,  50; 
of  muscle-currents,  53 

Nerve  and  muscle,  phenomena  of,  85 

Nerve-currents,  natural,  48;  illustrated 
by  non-polarisable  electrodes  (diagram), 
48;  negative  variation,  50,  58 

Nerve-roots,  87 

Nerves,  accelerator,  148, 177 ;  experiments 
with  pendulum  myograph,  88;  irritabi- 
lity of,  71,  72;  cardiac,  of  the  dog,  149; 
thermogenic,  377 ;  frigorific,  879 

Nerves,  cranial,  892,  528 

Nerves,  their  effect  on  constriction  and 
dilation  of  arteries,  155 

Nerves  employed  in  defiecation,  288 

Nerves  in  connection  wi^  striated  mus- 
cles, 82 

Nerves,  their  influence  on  the  secretion 
and  ejection  of  milk,  846 

Nerves  of  mastication  and  deglutition, 
225 

Nerves  of  sight,  407 


Nerves  of  touch,  462,  468 

Nerves,  renal,  822 

Nerves,  sensory,  889 

Nerves,  spinal,  390,  481 

Nerves,  splenic,  347 

Nerves,  vaso-motor,  156 

Nervi  erigentes,  165,  167 

Nervi  mesenterici,  147 

Nervous  action  in  the  oesophagus,  230 

Nervous  action  in  vomiting,  286 

Nervous  influences  on  peristaltic  action, 
228 

Nervous  impulses,  curves  illustrating  their 
velocity^  42;  changes  in  the  nerve  dur- 
ing their  passage,  46,  59,  66,  78 

Nervous  irritability,  63,  64 

Nervous  mechanism  for  secreting  diges- 
tive juices,  206,  214,  216 

Nervous  mechanism  of  the  gastric  move- 
ments, 232 

Nervous  mechanism  of  perspiration,  815 

Nervous  mechanism  of  respiration,  288 

Nervous  system,  6,  7,  8;  simplest  forms 
of  (diagram),  85 ;  its  influence  on  heart- 
beat, minute  arteries  and  capillaries, 
142;  its  influence  on  nutrition,  881; 
in  infancy  and  youth,  559 

Nervous  tissues,  properties  of,  4,  85 — 95; 
metabolism  of,  349 

Nervous  tissues,  general  properties  of, 
87 

Neumann,  red  corpuscles,  28 

Neurin,  609 

Neutral  fats,  603 

Nicotin,  its  effect  on  heart-beat,  146; 
peristaltic  action,  230 

Nitrogen  of  inspired  and  expired  air,  265 

Nitrogen,  quantity  in  arterxal  and  venouB 
blood,  262 

Nitrogen,  its  relations  in  the  blood,  281 

Nitrogenous  crystalline  bodies  in  urine, 
318 

Nitrogenous  food,  868 

Nitrogenous  metabolism,  861 

Nitrogenous  metabolites,  610 

Naud  vital,  289 

Non-nitrogenous  metabolism,  868 

Non-polarisable  electrodes  (diagram),  48 

Normal  diet,  857,  385 

Nostrils,  their  action  in  respiration,  264, 
289 

NoTHNAOEL,  on  thc  brain,  518,  518 

Nuclein,  595 

Nutrition,  830;  production  of  glycogen, 
882 ;  of  the  embryo,  547 

Ocular  spectra,  484 

Odour  of  the  breath,  266 

Oehl,  movements  of  the  pupil,  409 

Esophagus,  movements  of,  280,  285 

Old  age,  562 

Oleic  acid,  602 

Olein,  604 

Olfactory  organs,  458 

Oppleb  on  renal  secretion,  850 
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Osmosis,  97 

Otic  ganglia,  93 

Oyaries,  542,  545 

Ovum,  541,  545,  547,  567 

OwsjANNiKOw,  vaso-motor  centre,  158, 
165 ;  on  reflex  actions,  477 

Ox,  saliva  of  the,  187 ;  bile,  196 ;  blood- 
crystals,  272 

OxaHc  acid,  607 

Oxidation,  seat  of,  in  respiration,  284 

Oxygen  inhaled  in  respiration,  258,  254, 
265,  267;  quantity  and  condition  in 
arterial  and  venons  blood,  268,  270, 
280,  295 ;  its  entrance  into  the  longs  in 
respiration,  281,  287 :  the  cause  of  dys- 
pnoea, asphyxia,  and  apnoea,  806 

Oxygen  tension,  282,  287 

OxyhfiBmoglobin,  78,  278,  276 

Palate  in  deglutition,  225,  226 

•  Pale*  colours,  427 

Pahnitic  acid,  602 

Pahnitin,  608 

Pancreatic  digestion,  242 

Pancreatic  juice,  183, 198,  216,  217,  240, 

242,  842 
Papillary  muscles,  122 
Paraglobulin,  18,  580 
Paralytic  saliva,  214,  217 
Parapeptone,  191,  198,  200,  202,  241 
Pabinaud,  bodily  heat,  378 
Pabkes,  on  urea  and  muscular  exercise, 

869 
Parotid  saliva,  187,  212 
l^arturition,  558 
l*A8CHUTiN,  on  the  action  of  saliva,  186 ; 

movements  of  lymph,  249;  inhibition 

of  reflex  action,  474 
Pendulum  myograph  (diagram),  40;  dia- 
grams obtained  by  it,  39 
Penicillium,  343,  366 
Penis,  mechanism  of  erection,  166,  545 
Peptic  digestion,  190,  202 
Peptic  glands,  220 
Pepsin,  the  ferment  of  gastric  juice,  198, 

201,  220 
Peptone,  191 

Peptones  in  gastric  jnico,  188, 189 
Peptones,  197,  200,  202,  239,  685,  691 
Perceptioiie,  tactile,  462, 466  ;  visual,  427, 

432 
Periodicity  in  the  phenomena  of  the  body, 

563 
Peripheral  resistance  in  blood-circulation, 

110,  152—171,  128,  137,  172,  177 
Peristaltic  contractions,    89,   90,   93;   in 

defa?cation,  284 ;  in  digestion,  227 ;  in 

the  oesophagus,  230;  in  the  stomach, 

232 
Perspiration,  nature  and  amount  of,  311 ; 

nervous  mechanism  of,  315;    average 

loss  by,  359,  374 
Pettenkofer,  on  changes  of  air  in  respi- 
ration, 266  ;  on  nutrition,  360, 363,  370, 

386 ;  sleep,  566 
Pettenkofer'B  test,  623 


PflCoeb,  nervous  irritability  during  elee- 
trotonuB,  61,  71,  82  ;  endings  of  nerres 
in  salivary  glands,  212 ;  inhibition  ^f 
peristaltic  action,  229;  pomp  for  ex- 
tracting gas  from  blood,  268,  269 ;  he- 
moglobin, 278;  seat  of  oxidation  in 
respiration,  284;  respiratory  ehaoges 
in  tissues,  286,  810;  spinal  oord,  473; 
sleep,  565 

Pharynx  in  deglutition,  225;  vomiting, 
231,  285 

Phases  of  life,  556 

Philipeaux,  on  union  of  sensory  and 
motor  nerves,  898 

Phosphorus  as  an  element  of  food,  366 

Phrenic  nerve,  its  effect  on  respiration, 
288 

Phthisis,  oold  sweats  in,  315 

Pig,  saliva  of  the,  187;  bile,  196;  blood- 
crystals,  272 

Pigments  in  bile,  228 ;  in  urine,  818, 325 

Placenta,  546,  549,  650 

Planbb,  gases  of  intestine,  242 

Plasma  of  the  blood,  11,  12,  18, 15, 19 

Plasmine,  17, 19 

Plateau,  on  after  images,  427 

Plethysmograph,  for  measuring  changes 
in  the  circulation,  178 

PLtf  sz,  absorption  of  proteids  in  digestion, 
250 

Pneumogastrio  nerve,  its  influenoe  in 
respiration,  289 

Pneumographs,  Marey*s  and  Fiok's,  25^ 
258 

PoisEUiLLE,  application  of  the  mercoxy 
manometer  to  blood-oirculation,  102 

Poison,  effect  of  urari,  85,  388;  carbonic 
oxide,  339 

Polyuria,  or  excessive  renal  secretion, 
322 

Pons  Varolii,  519,  521 

Potential  energy  of  food,  367 

Predicrotic  pulse-wave,  135,  186,  187 

Pregnancy,  546 

Pressure,  blood,  99—179,  294  {Ste  Blood 
pressure) 

Pressure  of  air  in  respiration,  308 

Pressure,  sensations  of,  463 

Preter,  on  blood-corpuscles,  29 ;  on  hap- 
moglobin  and  hamatin,  279, 280 ;  sleep, 
666 

Priestlet  on  respiration,  combustion  and 
oxygen,  310 

Propionic  acid.  601 

Protective  mechanisms  of  the  eye,  447 

Proteid  food,  metabolic  effects  of,  363, 
3a3 

Proteids,  571,  572  ;  action  of  gastric  juice 
on,  189,  194  ;  action  of  pancreatic  juice 
on,  200;  changes  in  stomach,  238; 
in  the  intestine,  242 ;  absorption  of  in 
digestion,  250 ;  as  sources  of  fat,  341 

Proteolysis,  digestive,  theory  of,  202 

Protoplasm,  properties  of,  1,  85,  90;  in 
adipose  tissue,  340 ;  spinal,  473 

Ptotoi^l&sm  of  embryonic  tissues,  548 
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Pbout,  on  digestion,  252 

Ptyalin  of  saUva,  186,  194 

Puberty,  642,  560 

Pulmonary  respiration,  meohanios  of,  254 

Pulsation  of  the  brain,  295 

Pulse,  the,  103,  106,  181—140 ;  sphygmo- 
graph  tracings  of  pulse- waves,  185,  136; 
prediorotic  and  dicrotic  waves,  138 

Pulse-waves,  primaiy,  seoondaiy,  and  re- 
flected, 131—140,  143,  304 

Pulsus  venosus,  295 

Pump  action  of  the  heart,  109,  111,  181, 
136 

Pupil  of  the  eye,  its  movements,  405,  514 

Purgative  action  of  salts,  251 

PuBKiNJE's  figures,  431, 432 ;  on  the  eflfects 
of  galvanic  currents  on  the  brain,  518 

Purple,  visual,  414 

Purpurin  in  urine,  319 

Pylorus,  230,  232,  236,  238,  239,  241 

Pyrexia,  376 

Pyrosis,  286 

Python,  temperature  of,  872 

QuETELET,  phases  of  life,  557 
Quinine,  action  of  on  reflex  action,  475 

Babbit,  quantity  and  distribution  of  blood 
in  the,  30 ;  muscle  currents,  52 ;  arterial 

gressure,  102,  106 ;  circulation,  114 ; 
eart-beat,  147 ;  cervical  and  thoracic 
ganglia  (diagram)  148;  inhibition  of 
heart-beat,  152 ;  contractility  of  the 
arteries  of  the  ear,  154 ;  stimulation  of 
depressor  nerve,  162;  saliva,  187;  sub- 
maxillary gland,  222 ;  blood-eiystals, 
272 ;  blood-pressure  in  respiration,  298; 
section  of  spinal  cord,  338;  effect  of 
cold  on,  376,  877 ;  movements  of  the 
pupil,  409 ;  spinfJ  cord,  487 

Badial  artery,  pulse- wave  in,  135 

IUnke,  on  distribution  of  blood  in  the 
body,  81 ;  perspiration,  313 ;  nutrition, 
867,  369 

Bansome,  Dr  A.,  power  of  gastric  juice,  193; 
movement  of  ribs  in  respiration,  260 

Bat,  saliva  of  the,  187 ;  blood-crystals, 
272 

Bcaction  period,  521 

Bectum,  in  defa)cation,  233 

Bed  corpuscles  of  blood,  their  chemical 
composition,  13 ;  their  fate,  29,  271 

Beflex  actions,  90 

Beflex  actions,  the  spinal  cord  as  a  centre 
of,  471 ;  characters  of,  472 

Beflex  actions,  inhibition  of,  474 

Beflex  actions,  parturition,  558 

Beflex  centres,  471,  514,  520 

Beflex  inhibition  of  heart-beat,  146 

Beflex  micturition,  829 

Begeneration  of  tissues,  541 

Beonault  and  Beibet  on  cutaneous  respi* 
ration,  818 ;  on  nutrition,  386 

Beich,  secretion  of  tears,  448 

Benal  secretion,  817 


Bennet,  195 

Beproduction  of  the  amoeba,  8 

Beproduction,  tissues  and  mechanisms  of, 
6,541 

Besonants  (voice)  634 

Bespiration  of  the  amoeba,  3,  4 

Bespiration,  tissues  and  mechanism  of, 
253 — 310;  mechanics  of  pulmonaiy 
respiration,  254 ;  apparatus  for  taking 
tracings  of  movements  of  air  (diagram), 
257,  258;  changes  of  air  in,  264; 
changes  in  blood,  267 ;  in  the  lungs, 
281 ;  in  the  tissues,  283 ;  nervous 
mechanism,  288  ;  effects  on  the  circula- 
tion, 288;  effects  of  changes  in  the  air 
breathed,  802;  modified  respiratory 
movements,  308 

Bespiration,  cutaneous,  813 

Bespiration  as  a  regulator  of  temperature, 
874 

Bespiration  of  the  foetus,  550 

Bespiration,  failure  of  before  death,  567 

Bespiratory  centre,  293,  294 

Bespiratory  curves,  tracings  oi^  162 

Bespiratory  mechanisms,  7 

Bespiratory  muscles,  91,  93 

Best,  muscular  exhaustion  restored  by,  77 

Betina,  colour  of  the,  414 

Botching,  235 

Bheometer  of  Ludwig,  for  measuring 
blood-pressure,  104 

*  Bheoscopic  Frog,'  50,  53,  127 

Bhythm  of  heart-beat,  131, 142 ;  of  respi- 
ration, 256,  265,  289,  291,  298,  801; 
in  asphyxia,  802 

Bibs,  movement  in  respiration,  260,  262 

•Eich'  colours,  414 

Bigor  mortis,  72,  73,  81,  805,  378,  668 

BiNGER,  on  diabetes,  339 ;  daily  variation 
in  the  temperature  of  the  body,  880 

Bitter's  tetanus,  66 

Bitteb-Valu,  law  of  irritability  of  nerves, 
72 

BoHRio,  on  perspiration,  314;  effect  of 
cold  on  rabbits,  376;  urari  poisoning,  876 

BoKANES,  on  contractile  tissues,  67 

Bosenthal,  respiratory  function  of  vagus, 
and  theory  of  nervous  mechanism  of 
respiration,  292 ;  on  reflex  actions,  478 

BuoE,  gases  in  the  large  intestine,  243 

Bunning,  538 

BuTHERFORD,  vaso-motor  nerves  of  sto- 
mach, 215 

Saikowkst,  diabetes,  889 

St  Pierre  and  Estor,  seat  of  oxidation 

in  respiration,  284 
Saliva,  183 — 188 ;  its  action  on  starch, 

184,  194 ;  quantity  of,  206 ;  action  of 

submaxillary    saliva,    206,    226,    238; 

in  vomiting,  285 ;  relation  to  taste,  461 
Saliva  of  infants,  557 
Salivary  cell,  nutrition  of  the,  881 
Salivary  corpuscles,  185 
Salts,  as  food,  866 
Salts,  in  bile,  11)6  \  uiVAicy^V^N^^Qansi^x 
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817;  absorption  into  blood  and  urine, 
251 

Samuel,  effect  of  cold  on  rabbits,  877 

Sandebson,  Bubdon,  dicrotic  poise-wave, 
139 ;  recording  stethometer,  256 ;  cere* 
bral  convolutions,  605 

Saphena  artery  of  the  rabbit,  its  contrac- 
tiHty,  165 

Sarkin,  617 

Scaleni  muscles,  261,  288 

ScHAFEB,  red  corpuscles,  28 

ScHABLUfO,  on  cutaneous  respiration,  813 

ScHECH,  on  the  larynx,  531 

Scheineb's  experiment  on  sight,  401 

SoHEBEB,  paralbumin  and  metalbumin, 
675 

BcHiFF,  mechanism  of  digestive  secretion, 
208;  on  secretion  of  bile,  223;  move- 
ments of  the  oesophagus,  231;  vomit- 
ing, 235 ;  spinal  cord,  483 ;  functions  of 
the  brain,  519 

BcHMiDT,  A.,  fibrinoplastin  and  fibrinogen, 
19,  25,  26;  red  corpuscles,  28;  relations 
of  neutral  salines  and  of  gastric  juice, 
192;  albumins,  675 

Schmidt  and  Biddeb,  analysis  of  chyle, 
246;  absorption  of  fat  in  digestion, 
241 ;  researches  on  digestion,  262 

Schmidt,  C,  composition  of  blood,  12, 13; 
on  lardacein,  689 

Schmiedebebo,  cardiac  accelerator  nerves, 
149  ;  hippuric  acid,  354 

ScHULTZE,  Max,  on  dimensions  of  retinal 
cones,  419 ;  olfactory  cells,  458 

SoHULTZEN,  on  urea,  352 

ScHXJTZENBEBOEB,  ou  protcids,  590 

Schwann,  researches  on  digestion,  252 

Sciatic  nerve,  vaso-motor  action  of,  155, 
166,  166,  168 

Secretion  by  the  skin,  311 — 316 

Secretion  by  the  kidneys,  317 

Secretion  by  the  renal  epithelium,  324 

Secretion  of  milk,  344 

Secretions,  digestive  (See  Saliva,  Bile, 
Pancreatic  juice) 

Secreting  tissues,  4,  5 

Semen,  545 

Semilunar  valves  of  the  heart,  123,  125, 
120 

Sensations,  auditory,  452 

Sensations,  tactile,  463 

Sensations,  visual,  413 

Sense,  muscular,  468 

Sense-organs,  395 

Sensible  perspiration,  312 

Sensitive  cells,  87 

Sensory  fibres,  156 

Sensory  nerves,  86,  95,  389 

Sequin,  on  perspiration,  311 

Serum,  its  chemical  composition,  12,  14 

Serum-albumin,  574 

Setschenow,  inhibition  of  reflex  action, 
474  (diagram) 

Sexual  generation,  541,  545 

Shabpey,  sounds  of  the  heart,  126 

Sheep's  blood,  22, 106,  272 ;  saliva,  187 


Shepabd,  hippnzio  acid,  354 

Sighing,  309 

Sight,  397--448 

Sight,  protective  mechanismB  of  the  eye, 
447 

Singing,  528 

SiNiTzsN,  on  trophic  nerves,  382 

Sinus  venosus,  143,  146 

Size,  appreciation  of,  444 

Size  of  ihe  body ;  phases  of  life,  556 

Skeletal  muscles,  156,  480,  536 

Skeleton,  growth  of  the,  561 

Skin,  5,  6;  absorption  by  the,  316;  SKre- 
tion  by  the,  811 — 316  f  secretion  by  the, 
and  kidnejrs,  317 

Skin,  loss  of  heat  from  the,  873 

Skin,  terminal  organs  of  the,  462 

Sleep,  563 

Smell,  458 

Sneezing,  309 

Snbllxm,  inflammation  of  the  eye,  882 

Sobbing,  809 

Solidity,  judgment  of,  445 

SoLTMAKK,  cerebral  areas  in  the  newly- 
born,  559 

Sound,  the  voice,  527 

Sounds  given  by  muscles,  56 

Sounds,  musicfd,  453 

Spallanzani,  researches  on  digestion,  253 ; 
respiratory  changes  in  the  tissues,  287 

Special  muscular  mechanisms,  527 

Spectra  of  hemoglobin,  271,  273 ;  hcina- 
tin,  278,  279 

Speech,  532 

Spermatozoon,  84,  541 

Spherical  aberration  in  the  eye,  410 

Sphincter  vesicae,  237 

Sphygmograph,  115,  130,  135, 140 

Spiess,  temperature  of  submaxillary  gland, 
379 

Spinal  cord,  section  ot  effect  on  blood- 
pressure,  157,  166;  its  action  on  re- 
spiration, 288;  of  rabbit,  section  of,  338; 
as  a  centre  of  automatic  action,  478; 
as  a  conductor  of  impulses,  480;  par- 
turition, 553 

Spinal  ner\'e8,  89,  90 ;  roots  of,  390 

Spirometer,  255 

Splanchnic  nerve,  vaso-motor  action,  156, 
161 ;  relation  to  gastric  secretion,  215 ; 
relation  to  peristaltic  movements,  229, 
232 ;  and  renal  secretion,  323 

Spleen,  the,  346 

Sporadic  ganglia,  89 

Sprengel's  pump  for  extricating  gas  from 
blood,  268 

Stannius,  experiments  on  heart-beat, 
146 

Stiirch,  action  of  saliva  on,  184,  194,  238, 
240,  335;  action  of  gastric  juice  on,  189; 
corpuscles,  240,  335;  action  of  pan- 
creatic juice  on,  199 ;  as  food,  363,  365 

Starvation,  effects  of,  356,  357 

Stasis  in  inflammation,  172,  173 

Statistics  of  nutrition,  355 

Stearic  acid,  602 
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Stearin,  604 

Stereoscope,  441 

Stethometer,  recording,  256 

Stethoscope,  56 

Stimulation,  impnlflea  in  nerres  produced 

by,  86 
Stimulation  of  afferent  nerves,  effect  on 

vaso-motor  centre,  168 
Stimulation  of  the  chorda  tympani,  212, 

229 
Stimuli,  character  of  reflex  actions  depen- 
dent on  the  nature,  472 
Stimuli  in  aid  of  parturition,  554 
Stimulus,  as  affecting  muscular  contrac- 
tion, 68,  76 ;  in  unstriated  muscles,  82 
Stokes  on  the  spectra  of  haemoglobin, 

310 
Stomach,  secretion  by,  214;  action  of 
gastric  juice  on  the,  224;  its  move- 
ments in  digestion,  232;  its  action  in 
vomiting,  235  ;  its  action  on  food,  238  ; 
digestion  in  the,  288,  239  (See  Diges- 
tion) 
Stbassburo's  researches  on  respiration, 

282,  283,  285 
Strooanow,  oxygen  in  the  lungs  in  respi- 
ration, 282 
Stromuhcr,   or  rheometer,  for  measuring 

blood-pressure,  104 
Strychnia,  action  of,  472,  474 
SuBBOTiN,  fat  of  man  and  the  dog,  842 ; 

the  secretion  of  milk,  345 
Sublingual  saliva,  187 
Submaxillary  gland,  secretion  of  saliva, 
206,  207,  222 ;  of  dog  (diagram)  207 ; 
of  rabbit,  222 
Submaxillary  saliva,  187,  188 
Succinic  acid,  607 
Succus  entericus,  183,  204,  217 
Sugar,  conversion  of  starch  into,  by  the 
saliva,  184, 186  ;  action  of  gastric  juice 
on,  189;  digestion  of,   238;  in  small 
intestine,  240 
Sugar  in  urine,  323,  337 ;  in  the  hepatic 
blood,  331 ;  in  the  blood   and  urine, 
250,  334,  839 
Sugar,  milk-sugar,  844 
Sugar  as  food,  863,  365 
Sulphur  as  an  element  of  food,  366 
Suppression  of  urine,  827,  850 
SusLowA,  lymph-hearts  of  the  frog,  479 
Swallowing,  281,  289 
Sweat  (See  Perspiration^ 
Sympathetic  action,  164 
Syntonin,  83,- 201 
Systole  of  heart,  duration  of,  119 

Tactile  judgments,  466 
Tactile  perceptions,  463,  466 
Tactile  sennations,  464,  488,  522 
Tambour,  Marey's,  for  measuring  blood- 
pressure  (diagram),  117,  258 
Tarchanoff,  on  the  spleen,  847 
Tartar  emetic,  effects  of,  287 
Taste,  460 
Taurin,  619 


TaurochoHo  acid,  624 

Tears,  448 

Teeth,  action  in  mastication,  225 

Temperature,  its  influence  on  muscular 
irritability,  75 ;  on  ciliary  action,  84 ;  on 
the  saliva,  185 ;  on  the  gastric  juice,  192 

Temperature  of  man  and  other  animals, 
372,  377 

Temperature,  its  effect  on  animals,  876 

Temperature,  sensations  of,  464 

Temperature  (See  Gold,  Heat) 

Tension  of  the  gases  of  blood  and  pul- 
monale air,  282,  285,  286,  287 

Terminu  organs  of  the  skin,  463 

7ests  for  proteids,  578 

Tetanus,  44>  45,  57,  66,  68,  77  ;  sound  in, 
128 

Tetanus,  Bitter's,  66 

Thermogenic  nerves,  877,  379 

Thibt,  on  succus  entericus,  204 

Thoracic  duct,  "245 

Thoracic  respiratory  movements,  256; 
effect  of  on  circulation,  296 

Thudichux,  on  pigments  in  urine,  818 

Thymus,  561 

TiEDEicANN,  researches  on  digestion,  252 

Time  required  for  reflex  actions,  478 

Tissues,  fundamental,  4 

Tissues,  contractile,  82 — 84 

Tissues,  embryonic,  549 

Tissues,  metaboUc,  330 

Tissues,  nervous,  properties  of,  85 — 95 

Tissues  of  chemicid  action,  and  their  me- 
chanisms, 183 — 252;  digestion,  188 — 
252;  respiration,  253—310 

Tissues  of  reproduction,  541 

Tissues,  respiratory,  changes  in  the,  281 

Tissues,  the  death  of,  568 

*  Tone'  of  arteries,  156, 158, 159,  166, 168 

Tongue,  its  action  in  mastication  and 
deglutition,  225,  226,  227 

Tonicity  of  skeletal  muscles,  480 

Torricellian  vacuum  for  extracting  gas 
from  blood,  268 

Touch,  462 

Tracings  of  respiratory  movements,  256 ; 
blood-pressure  curves  and  intra-thoracic 
pressure,  298  (8*e  Diagrams) 

Transfusion  of  blood,  28 

Traube's  curves,  of  blood-pressure  in 
respiration,  300,  801,  804 

Tricuspid  valves  of  the  heart,  123, 125 

Trophic  nerves,  381,  391 

Trypsin,  202,  204 

TscHEscHioHiN,  bodily  heat,  878 

Tubuli  uriniferiy  317 

Turtle's  heart-beat,  142 

TyroBin,  200,  202,  242,  621 

Undulations  of  blood-pressure  in  respira- 
tion, 800 

Unstriated  muscular  tissue,  82 

Uremic  poisoning,  350 

Urari  poison,  its  effects  on  contractile 
tissues,  35,  67;  its  effect  on  heart-beat, 
145, 146;  its  effect  onoecebi^lta&KAki&v 
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163, 165 ;  on  ohorda  tympani,  2U ;  on 
vomiting,  236;  on  reBpiration,  299; 
in  producing  diabetes,  338,  376 

Urea,  531 ;  presence  in  perspiration,  311, 
318 ;  effect  on  secretion  of  urine,  321 ; 
secretion  of,  326;  and  its  allies,  the 
history  of,  348 — 355;  relation  to  mus- 
cular exercise,  369 

Ureter,  peristaltic  contraction  of  the,  90, 
93;  in  micturition,  327 

Urethra*  827 

Uric  aoid,  534;  source  of,  353;  in  the 
spleen,  848 

Urine,  composition  of,  317,  319 ;  secretion 
of,  320 ;  act  of  micturition,  327 ;  kreatin 
in,  348 ;  hippuric  acid  in,  354 ;  average 
loss  by,  359 

Urine  of  infancy,  558 

Urine,  sugar  in,  250 

Uriniferous  tubules,  321 

Urobilin  in  urine,  319 

Urochrome,  318 

Uroerythrin  in  urine,  319 

•  Uterine  milk,'  548 

Uterus,  in  menstruation,  542  ;  in  parturi- 
tion, 553,  554 

Vagus,  oardio-inhibitory  action  of,  its 
effect,  144;  relation  to  movements  of 
stomach,  231;  to  vomiting  236;  respi- 
ratory function  of  the,  290 

Vagus  and  the  secretion  of  urine,  823 

Valerianic  acid,  601 

Valves  of  the  heart,  122—126 

Varnishing  of  animala,  its  effects,  814, 330 

Vascular  mechanism,  6, 96 — 179 ;  physical 
phenomena  of  the  circulation,  96 — 140 ; 
the  heart,  113—131;  the  pulse,  131— 
140;  vital  phenomena  of  the  circula- 
tion, 14Q — 179;  changes  in  the  heart- 
beat, 141;  in  the  calibre  of  the  minute 
arteries,  vaso-motor  actions,  154; 
changes  in  the  capillary  districts,  171; 
in  the  quantity  of  blood,  174 

Vaso-motor  actions,  154 

Vaso-motor  action,  relation  to  secreting 
activity,  211 

Vaso-motor  centre,  157,  158 ;  relation  to 
afferent  nerves,  162,  164;  relation  to 
respiratory  centre,  299;  relation  to 
renal  secretion,  322 

Vaso-motor  mechanisms,  local,  165 

Veins,  97,  106,  107,  109;  effect  of  respi- 
ratory movemeuts  on  the,  298 

Velocity  of  the  flow  of  blood,  103, 106,  111, 
115;  of  the  pulse- wave,  133;  of  sensory 
impulses,  393 

Venous  blood,  267,  276,  280,  282,  283, 
287,  293 

Venous  pulse,  131 

Ventricle  of  the  heart,  110,  112 

Vertigo,  495,  518 

ViEitoKDT,  circulation  of  blood  in  retina. 


98;    hsmatachometer    for    measuring 
blood-pressure,  105 

Villi,  action  of  the,  in  absorption,  247 

Vision,  region  of  distinct,  429;  the  re- 
action period,  522  (See  Sight) 

Visual  judgments,  444 

Visual  perceptions,  427 

Visual  purple,  414 

Visual  sensations,  413 

*  Vital  capacity'  of  the  lungs,  255 

Vital  phenomena  of  the  circulation,  140— 
179 

Vitellm,  582 

Vocal  cords,  225,  465 

Voice,  the,  527,  532,  634 

VoiT,  changes  of  air  in  respiiatioD,  2^; 
effects  of  starvation,  356;  nnkition, 
860,  863,  865,  369,  386;  sleep,  565 

VoLKUANN,  researches  on  blood-dicnla- 
tion,  103,  106, 179;  lymph-hearte,  479 

Vomiting,  235 

Vowel-sounds,  532 

VuLPiAN,  vaso-motor  action,  169;  on 
union  of  motor  and  sensory  nerra, 
893 ;  on  conduction  of  impulses  in  the 
spiniEJ  cord,  483 

Waldeyeb,  lymph-hearts,  479 

WaUdng,  537 

Waller,  A.,  vascular  mechanism,  179 

Wasmakn,  researches  on  digestion,  252 

Webeb,  pulse- waves,  134;  muscular  con- 
traction, 81 ;  on  visual  sensations,  419; 
on  tactile  perceptions,  466,  470 

Weight  of  the  body;  phases  of  life,  556 

Weiske  and  Wildt,  on  nutrition,  364 

Wharton's  duct,  210 

Whispering,  536 

White  corpuscles,  14,  28 

Williams  on  menstruation,  543 

WiNOGRADOFF,  diabetes,  339 

Winking,  447 

WisLicENus,  on  urea  and  muscular  exer- 
cise, 369 

WiTTicH,  diabetes  and  digestion,  252,  200, 
849 

WoLFERz,  secretion  of  tears,  448 

WoLFFBEBQ,  resoarchcs  on  respiration, 
283 

WoRoscniLOFF  on  reflex  actions,  477,  483 

WuNDT,  spinal  ganglia,  392 

Xanthin,  348,  355,  617 

Yawning,  309 
Yellow  spot,  419,  425 
Young-Helmholtz,  theory  of  colour  scu- 
sations,  424 

Zalesey  on  renal  secretion,  350 

ZuNTz,  effect  of    cold  on  rabbits,   370; 

urari  poisoning,  376 
Zymogen,  219 


cambbidoe:  riiiNiEn  by  o.  j.  clay,  m.a.,  at  the  uniyebsiiy  pbess. 


-< 


*  I 


